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Post-Intrusion Deformation Dyke Swarm, 
Awatere Valley, New Zealand 
CHALLIS 
(PLATE 


ABSTRACT 


The only known regional dyke swarm New Zealand described. 
Dykes are 1-5-2 feet thick and have been intruded vertically into 
unconsolidated Cretaceous sediments. The present attitude dykes 
found affected compaction these sediments and 
regional and bedding-plane slip. rough measure total 
compaction obtained. 


INTRODUCTION 


Tue Awatere Valley, bounded the Inland Kaikoura Range the 
east, lies the north-eastern corner the South Island New 
Zealand (Text-fig. 1). dyke swarm, the only one known New 
Zealand, intrudes the rocks the Inland Kaikoura Range and Awatere 
Valley over area about 300 square miles between Blue Mountain 
and Mount Lookout. 

During the course petrological study the basic dykes and 
basaltic lavas the Middle Awatere Valley, several interesting points 
the structural setting the dykes were noted. The purpose 
this work outline the structural setting the dyke swarm 
occurs the Awatere Valley, and particular describe the effects 
that compaction unconsolidated sediments have had the dykes. 
The Awatere Valley affords unusual opportunity study such 
effects. The petrology the dyke rocks and basaltic lavas the subject 

Thomson (1913) and Mason (1958) described some the dyke 
from near Mount Tapuaenuku and Mount Alarm, but the field 
the dyke swarm have not been described previously. 
Previous work McKay (1889), Thomson (op. cit.), and Mason (op. 
cit.) suggested that there were two dyke swarms striking E.S.E. and 
N.N.E., with the E.S.E. dykes cutting the others, but Thomson failed 
find any chilling the later against the earlier dykes and concluded 
that they were approximately the same age and the intrusive equivalents 
the Cretaceous basalts the nearby Clarence Valley. Observations 
the writer from the air, suggest that the basic dykes the Inland 
Kaikoura Range and the Awatere Valley form single arcuate swarm 
with the gradual change strike the dykes from 100 degrees near 
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Mount Lookout the Awatere Valley, 030 degrees near Mount 
Tapuaenuku, taking place over distance about two miles. Minera- 
logical and chemical evidence supports the view that the Awatere dykes 
are part the same swarm those the Inland Kaikoura Range. 


GENERAL GEOLOGY 


the Mount Lookout area exposures are excellent and the dykes 
can observed well-bedded sedimentary rocks differing ages and 
lithologies. The dyke swarm can also dated, there are few 
instances feeder dykes passing into the Cenomanian-Turonian 


URE 
TAPUAENUKU 
we \ 
$42 
\ KAIKOURA 


Post Intrusion Deformation Dyke Swarm, Awatere Valley 443 


basalts and fossiliferous tuffs. The number dykes decreases vertically 
towards the top the basalts, feature also noted Walker (1960) 
the dyke swarm eastern Iceland. The presence feeder dykes, 
the absence central vent, and the uniformity dip and lateral 
extent individual flows, supports the theory eruption from fissures 
which are now represented the dykes exposed the basalts and 
underlying sediments. 

Jurassic, Lower, and Upper Cretaceous sediments the Awatere 
Valley are locally preserved fault-angle depression. They are 
folded into fairly broad anticline and syncline which trends 
040 degrees, the strike the dyke swarm being approximately 
right angles the trend the fold-axis. The dykes pass through 
greywacke probable Upper Jurassic age and sandstones, siltstones, 
and mudstones age, and are feeders for the 
Turonian basalts. The basal flow almost everywhere comformable 
Upper Albian shelf sandstone and interbedded coal measures, with 
demonstrable erosion interval. The feeding dykes the lower 
flows must therefore have been intruded through Cretaceous sediments 
that were largely unconsolidated. 


least 340 dykes were noted the aerial photographs, but from 
field observations the number well over 500. Near Mount Leokout, 
the dykes not extend across the Awatere Fault, and the south- 
west they become infrequent and die out entirely about mile north 
the Tone River. Dykes are most abundant near Mount Gladstone 
and the Winterton River, but there obvious connection between 
frequency dykes and any folds the area. The dykes seem 
most numerous where the Cretaceous sediments are thickest, and are 
infrequent the western part the area where only feet 
Cretaceous sediments are interposed between the Jurassic rocks and 
the basalts. 

The width individual dykes was measured all dykes 2,600- 
foot section Gladstone Creek, near Mount Gladstone. The total 
thickness dyke ft. in., representing dilatation 3-2 per 
cent. The preferred width dykes shown frequency curve 
feet (Text-fig. 2). The widest dyke seen the area was feet 
and there appreciable increase width dykes downwards, 
through sequence about 4,000 feet the sediments. Observations 
dykes the Koolau Range, Oahu (Wentworth and Jones, 1940), 
and feeder dyke basalt flow Antrim (Walker, 1959a), show 
that basaltic feeder dykes are commonly narrow; Walker (1959b) gives 
frequency polygon for dykes the Reydarfjérdur area Iceland 
which shows preferred thickness 2-3 feet for dykes this swarm. 
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Dykes the Awatere Valley are all basic composition and include 
dolerites, quartz dolerites, and camptonite. Thicker dykes have coarse- 
grained centres containing large phenocrysts augite while the 
margins are usually camptonitic. However, compositional changes 
across dyke are usually gradational and composite intrusion could not 
proved the absence chilled contacts. intrusion 


DYKES 


RELATIVE FREQUENCY OF 


FEET 


common, and about six instances dykes intruded side-by-side were 
seen. 

Contact metamorphism usually confined slight induration 
the sediments for distances quarter inch inches from 
the contact. Exceptionally, hornfels are found developed the contact 
pyroxenite dyke, and partly mobilized sediments are found between 
dykes which are intruded very close together. 

Jointing normal the margin the dyke developed most dykes 
over ft. in. thickness, and was noted that joint planes 
very frequently coincide with bedding planes the sediments. 
possible that sequences interbedded sandstones and mudstones, 
the thermal conductivity was greater the junction sandstone with 
the less permeable mudstone and higher cooling rate along these 
surfaces may have favoured jointing. 

Since the basal basalt flow rests conformably thin coal seams 
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sandstone, the early dykes must have been intruded into sediments 
which were dipping less than degrees. The relationship dykes 
bedding the Cretaceous sediments shows that they were intruded 
nearly vertically, observation which agrees with (1951) 
conclusions, and which supported the observations Wentworth 
and Jones (op. cit.) Oahu, and Odé (1957) the Spanish Peaks 
region Colorado. 

Ten dykes have been observed making angles degrees 
both bedding and the vertical; these may explained intrusions 
along normal faults, they show similar dips and displacements beds 
small normal faults observed the area. 

Nine dykes intrude the pre-Cretaceous sediments angle 
about degrees bedding, while few hundred yards away, the 
dykes are normal the Cretaceous sediments. This suggests angular 
unconformity between the Cretaceous and pre-Cretaceous rocks. 


IV. Post-INTRUSION DEFORMATION THE 


the area studied, three factors were found influence the present 
attitude dykes. order importance these are 


(1) Compaction the sediments. 
(2) Regional folding. 
(3) Bedding-plane slip. 


Compaction Sediments 


has already been shown that the early dykes were intruded intc 
partly consolidated sediments. these sediments thick series 
basalt flows was poured out, and the sediments compacted and sub- 
sided under load. The dykes could not compact, neither could the 
overlying basalts compact round the rigid dykes, that the dykes were 
left walls partly supporting the basalt. The earlier these dykes 
collapsed shearing and folding (Plate XXIII, fig. 1). The amount 
shortening, now represented sinuosity the dykes, most marked 
the massive mudstone bands. Athy (1934) has shown that mudstone 
capable compaction nearly per cent, whereas sandstone, 
after initial settling, undergoes little compaction. all instances the 
Awatere Valley, dykes massive sandstone sequences where 
mudstone unimportant, are relatively undeformed. thick mudstone 
layers deformation the dykes may intense. 

measure the amount compaction layer massive mud- 
subsequent the intrusion dyke, may obtained 
Measuring the amount shortening the dyke. dyke shown 
(Plate XXIII, fig. cutting mudstone band about feet thick. The 
amount compaction represented here per cent. The mudstone 
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approximately 1,560 feet below the base the basalt, and according 
Athy’s curves for compaction shale with depth, should have 
undergone compaction per cent before the extrusion the 
basalts. The per cent compaction indicated the dyke, together 
with the pre-intrusion compaction per cent, gives total 
per cent which consistent with figures for maximum possible 


—— Angle of dyke to bedding. 
——- Angle of dyke to horizontal. 


TEXT-FIG. 


compaction. This figure per cent close agreement with that 
obtained from dykes other parts the area. 

The reality and importance compaction the deformation the 
dykes well illustrated cases intersecting dykes, the earlier 
which show considerable sinuosity, whereas the younger dykes are 
undeformed. 

Sinuosity dykes should expected sedimentary sequences when 
there evidence that the sediments were still only partly consolidated 
the time intrusion. 


Regional Folding 


The effect regional folding dyke when the fold-axis hori- 
zontal will zero for dykes striking degrees the fold-axis, and 
will rise maximum for dykes parallel the fold axis. the east- 
west trending dykes near Mount Lookout, which are approximately 
right angles the fold axes, regional folding has produced shortening 
the horizontal plane without substantially affecting the dip the 
dyke. Where dykes depart from 90-degree relationship the fold 
axis, corresponding departure from verticality can seen the 
dykes. The frequency diagram (Text-fig. shows spread the curve 
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the north-east side the diagram, probably reflecting the south- 
westerly plunge subsequent structures the area. 


Bedding-plane Slip. 


Slip, particularly between beds massive mudstone and sandstone, 
may drag dykes along bedding-planes, offsetting them shown 
Plate XXIII, fig. 


MECHANISM INTRUSION 


the Awatere Valley, the evidence strongly favour Anderson’s 
concept intrusion the direction Principal Horizontal 
Stress, the plane the dyke lying the plane greatest and inter- 
mediate stress and normal the direction least stress. Tensional 
conditions, which favoured dyke intrusion and extrusion basalts, 
were probably followed compression, producing the north-east folds 
the area and closing the period vulcanicity the Awatere Valley. 

Wager and Deer (1939) have described swarm inclined dykes 
the coast Eastern Greenland which associated with major 
crustal flexure. They find that the frequency dykes related the 
amount flexure and postulate intrusion parallel the axis the 
flexure along tensional fissures produced the flexuring. The fact 
that the dykes are also approximately perpendicular the overlying 
lava flows suggests the alternative explanation that the dykes were 
intruded vertically into nearly horizontal flows and that the flexure 
occurred later. The presence the dykes would introduce inhomo- 
geneity into the underlying metamorphic complex and the position 
the flexure might determined this line weakness, thus accounting 
for the concentration dykes the point maximum flexure. 
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EXPLANATION PLATE 
Fic. 1.—Collapsed dyke massive mudstone underlying basalt flows. 


Fic. 2.—Offset along bedding plane dyke intruded into pre-Cretaceous 
sediments. 
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The Late Palaeozoic Glaciation Gondwanaland 
Relation West Africa and Northern South America 
During Carboniferous Time 


ANDERSON 


ABSTRACT 


Lower Carboniferous strata are shown absent from the 
Amazon basin and Ghana, the Bermejo series Bolivia Permo- 
Triassic, the Sekondi series Ghana does not include glacial 
deposits and may prove Devonian, early Carboniferous 
glaciation unknown Africa and restricted Argentina 
South America. the light these interpretations the extent 
which late Carboniferous glaciation affected northern South America 
and Africa briefly reviewed and shown conflict with the 
reconstructions King (1958). The non-glaciation Africa 
and South America north least latitude degrees South during 
early Carboniferous times regarded proving that these areas 
did not pass through the south polar region that time. The 
known distribution early and late Carboniferous glacial deposits 
considered relation continental drift and movement can only 
have been westwards during the Carboniferous period. 


INTRODUCTION 


Permo-Carboniferous glaciation South America and Africa was 
discussed Professor King (1958) paper entitled Basic 
Gondwanaland during the Late Palaeozoic and 
Mesozoic explained the glaciation these two continents, 
together with the other units Gondwanaland, due their having 
drifted across the south polar region during late Palaeozoic times. The 
southern parts South America, Africa, Madagascar, and 
India, together with Antarctica, were thus closely grouped together 
around the south pole during late Carboniferous times, which would 
account for the glaciation these regions (see King’s Fig. Plate 
The remaining unit Gondwanaland, Australia, was too far from the 
south pole this time glaciated. Between Upper Carboniferous 
and Lower Permian times Gondwanaland had drifted westwards and 
slightly northwards with respect the south pole that the early 
Permian part South America still lay close the west side the 
pole, Antarctica lay across the pole, Australia was near the eastern 
side the pole resulting the Permian glaciation that country, 
while Africa, Madagascar, and India had shifted away from the pole 
and were consequently moving into warmer climate (see King’s Fig. 
Plate IV). From late Permian times the shift Gondwanaland was 
mainly northwards into warmer climatic belts. 

Continental drift thus used King (1958) account for the 
differences the age the glaciation the several component parts 
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Gondwanaland Upper Palaeozoic times. also demonstrates that 
the facies divisions the continental rock sequences cross the time 
divisions progressively from west east. 

King considered (1958) that the Permo-Carboniferous glaciations 
began North Brazil and Ghana (formerly Gold Coast), West Africa. 
Thus states that great glaciations began the early Carboniferous 
Brazil and the Gold Coast, tillite outwash, considered post- 
Devonian and pre-Carboniferous, from the lower Tapajoz Brazil 
being matched boulder-bed the Adjua Shales the base 
the Sekondian System the Gold Coast whence few pelecypods 
are classed Morley Davies possibly early Carboniferous (Junner, 
Two implications may drawn from this statement: first, 
that North Brazil and Ghana must have been nearer the south pole 
the early Carboniferous than they were the late Carboniferous, 
since the present southern parts South America and Africa were 
subsequently glaciated Upper Carboniferous and Permian times 
they turn moved across the south polar regions and, second, 
Gondwanaland had northward drift during the Carboniferous period. 
There should then evidence early Carboniferous glaciation not 
only North Brazil and Ghana, but also between northern and 
southern Brazil, where late Carboniferous glacial deposits Upper 
Pennsylvanian age are definitely known, and between Ghana and the 
Congo Republic (formerly Belgian Congo) where unmistakable Upper 
Carboniferous glacial deposits occur, these intervening areas would 
also have had pass through the south polar region. Furthermore, 
southern Brazil and central Africa, early Carboniferous glacia- 
tion should either have preceded the Upper Carboniferous glaciation, 
alternatively, these areas did not enter the south polar region before 
Upper Carboniferous times, they should bounded the north 
transitional series glacial deposits intermediate age between 
early and late Carboniferous. However, there undoubted evidence 
for glacial activity early Carboniferous times North Brazil and 
Ghana, glacial deposits this age are known either between 
northern and southern Brazil, the west Brazil Peru, Ecuador, 
and Bolivia, and there record their ever having existed between 
Ghana and the Congo Republic. early Carboniferous glaciation 
southern Brazil and central Africa has not been recognized, and the 
absence earlier glaciation the north these regions, transition 
from one the other does not arise. 

The principal aim this paper establish that there are 
grounds for believing that glaciation occurred either northern 
South America West Africa, north the equator, during early 
Carboniferous times, and show that these regions were not 
glaciated, was not possible for them have moved through the 
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south polar region during this period time, nor for the drift 
Gondwanaland have been northwards before Upper Carboniferous 
times. Central and southern Africa, and countries the south 
Brazil, though receiving brief mention where necessary the context 
this study are outside its scope. 


GHANA 


The detailed work Crow (1952) the Sekondian strata largely 
supersedes that Junner (1939, 1940), and has apparently escaped the 
attention King. Crow (1952) rightly considered the Sekondian 
strata represent series rather than system, there evidence 
that they are the local equivalent the strata any the recognized 
systems. also worthy note that the latest edition the 
Lexique Stratigraphique International, Bates (1956) unfortunately 
continues use the old name the Sekondian System given these 
strata Kitson 1928. Crow (1952) adopted the modern spelling 
Ajua for Adjua. 

Crow (1952) described the basal boulder-bed the Sekondi series 
consisting large rounded sub-angular boulders derived from 
the underlying Pre-Cambrian igneous rocks, rarely more than boulder 
thick, occupying depressions, and seen all stages relationship 
the parent rock, some still attached, some separated but obviously 
still situ, but most them lying the surface short distance from 
their original The boulder-bed mainly set coarse 
sandstone matrix derived from the underlying granite and probably 
formed detrital sand the old land surface prior the deposition 
the The writer’s personal observations the basal 
boulder-bed are accord with those Crow, and clear that 
not glacial origin but represents the result gentle marine invasion 
continental area low relief where rounded boulders formed 
spheroidal weathering the igneous rocks the old land surface were 
available for almost immediate incorporation basal deposit, the 
matrix which was provided the soil and mantle rock. 

Above the boulder-bed there small thickness strongly ripple- 
marked and current-bedded shaly sandstone, and more massive sand- 
stones lenticular character with some coarse horizons, which turn 
overlain the dominant lithological type the Ajua Shales forma- 
tion, series dark-coloured shales with arenaceous laminations. 
Above these shales the top the formation are some feet 
pale-coloured massive sandstones with thin shale intercalations. The 
whole formation has far proved unfossiliferous. The dark shales 
detailed consideration because was these that Junner (1939) 
first described varved and possibly glacial origin. 

The dark shales have total thickness some feet, but the 
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sequence interrupted about feet above their base feet 
fine-grained sandstone. Crow (1952) described the shales detail 
and also accepted Junner’s interpretation their varved nature. 
His description follows: They consist thin-bedded black 
dark grey shales with arenaceous laminations. The shales are quite 
fissile and split along the argillaceous partings, making the rock appear 
more shaly than really is. section across the bedding shows the 
true nature alternating sand and clayey bands. The laminations are 
frequently sufficiently regular, numerous, and consistent lateral 
extent suggest the rhythmic repetition seasonal varves formed 
still water deposition from glacial melt waters. most places, 
however, the laminations show strong ripple marking and irregular 
cross-bedding with small lenses both argillaceous and arenaceous 
material. some horizons the argillaceous laminations occur 
disconnected lenses, may wash out’ altogether that the rock 
becomes fine grit with only subordinate shaly matter. The arenaceous 
facies becomes more dominant towards the upper part the formation. 
some places the shales are rather 

Ripple marking common and sometimes two sets cross one 
another produce interference ripple marks. Crow (1952) considered 
them mainly oscillatory ripple marks formed water free from 
currents although Junner (1939) was able deduce from them that the 
sediments came from the north-east. 

Small pebbles, angular rock fragments, and coarse sand occur 
number horizons within these shales and are nearly always associa- 
ted with disturbance the enclosing sediment which crumpled and 
contorted. Some the pebbles and boulders are larger, foot 
diameter, and occasionally they occur isolated within the shales. 
Intraformational disturbances are also present the shales free from 
pebbles and rock fragments. Junner (1939) suggested that these 
disturbances resulted from icebergs dragging along the bottom and 
disturbing the stratification, while Crow (1952) thought they might 
due slumping. 

The above description shows that the dark shales have been con- 
sidered glacial deposit the basis two characters only, the intra- 
formational disturbances, possibly due icebergs, and their varved 
nature, interpreted seasonal deposits formed still water 
deposition from glacial melt waters. 

The disturbed horizons are, the writer’s view, clearly the result 
recurrent sliding the original muds, silts, and sands contemporaneous 
with their deposition, shown the fact that they occur above and 
below undisturbed beds similar lithology. The superficial nature 
the sliding indicated the infilling and smoothing out the upper 
surface the slumped horizons the overlying undisturbed sediments. 
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The frequent association these intraformational disturbances with 
coarse clastic material, rock fragments, pebbles, and occasional 
boulders, shows that the latter were periodically brought into the area 
deposition rivers flood, and that they were responsible for the 
upper layer the sediment which they were laid down becoming 
unstable and sliding down slope. The original slope must have been 
very gentle the present dip the Ajua Shales only 4°. 
Slumping very gentle slopes has recently been demonstrated other 
formations the Sekondi series McCallien and Anderson (1960). 
evidence glacial movement provided the pebbles and 
boulders the disturbed horizons they are not striated. 

The so-called varves the dark shales only superficially resemble the 
varves glacial clays, and the term should have been used simply 
describe the alternation fine and coarse laminations part the 
shale sequence, regarding them seasonal deposits. However, since 
the varves have been linked glacial origin further comment 
necessary. The dark colour the shales, their predominantly sandy 
and silty nature, wash-outs, false-bedding, ripple marking, slump 
horizons, and interbedded sandstones are not characteristic varved 
glacial clays, and varves not form when melt waters flow into 
marine environment the fine sediment flocculated. The entire 
association the sedimentary characters the Ajua Shales formation 
indicates deposition marine environment, and any change the 
fresh water conditions required for varve formation would undoubtedly 
have been marked unconformity, which not the case. The beds 
the Ajua Shales formation were first littoral origin the sea that 
time invaded old land surface, the basal conglomerate and coarse 
sandstones, and subsequently, transgression the sea continued 
inland, the overlying sandstones, siltstones, and shales were laid down 
offshore the upper neritic environment deposition. 

part the Ajua Shales formation can, therefore, regarded 
glacial origin, and the same true the other formations the 
Sekondi series. Apart from this series there are other strata 
Upper Palaeozoic age Ghana. The actual age the series un- 
certain palaeontological evidence from the fossiliferous formations 
within the series inconclusive. Thus Cox (1946) does not support 
Morley Davies’s (1926) view that early Carboniferous age, but 
believes that the fauna whole slightly more suggestive the 
Devonian than the Carboniferous, while the writer (Anderson, 1961) 
considers that palaeontological and circumstantial evidence favour 
Devonian Carboniferous age does not alter the fact that the series 


does not provide evidence Carboniferous Permian glaciation 
Ghana. 
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West AFRICA 


This vast area extending from Mauritania and southern Algeria 
the north the equator the south, and eastwards longitude 
20° E., was almost entirely continental throughout the Upper Palaeo- 
zoic. During Carboniferous times there were marine incursions only 
the extreme north the area apart from minor transgression the 
west represented the Sekondi series Ghana Devonian). Else- 
where widespread denudation was taking place with much the 
resultant debris accumulating broad basins mainly the northern 
part the area now included the Niger and Chad Republics. These 
continental formations range age from the Carboniferous the 
Cretaceous and nowhere include glacial deposits. The Upper Carboni- 
ferous glaciation the Congo Republic may have extended slightly 
north the equator but this well east the area outlined above which 
did not experience glaciation any time during the Carboniferous 
Permian periods. 

South the equator the great Permo-Carboniferous glaciation 
most the southern part the African continent began Upper 
Carboniferous times and, far can ascertained, was nowhere 
preceded earlier Carboniferous glaciation. 


IV. NORTHERN SOUTH AMERICA 


early Carboniferous times South America King (1958) states 
that there evidence glaciation from bore-hole cores the lower 
Tapajoz River area the Amazon basin Brazil, from the Bermejo 
series Bolivia may similar and from western 
Argentina. 

During Palaeozoic times Brazil there were three large basins 
deposition (Oliveira, 1956), two these the north, the Amazon and 
Francisco basins, and one the south, the basin. 
The Lower Carboniferous has, far, been found only the Parnaiba- 
Francisco basin where represented the continental Poti 
formation (Mississipian) which does not include glacial deposits. 
the Amazon basin drilling prior 1954 the central area had not, 
King (1958) believed, passed through Upper Carboniferous into Lower 
Carboniferous deposits including tillite outwash, drilling for oil 
carried out since that time has shown Lower Carboniferous and Middle 
Devonian absent from the stratigraphical sequence the basin 
(Oliveira, personal communication, 1959). These drillings have 
some places passed through Upper Devonian and Silurian beds and 
some cases reached the crystalline basement, that Upper Carboni- 
ferous beds lie directly Upper Devonian still older formations. 

The tillite outwash, correctly identified, would have 
Upper Carboniferous age, the base the Upper Carboniferous 
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sequence had not been reached 1954. This sequence correlated with 
the Itaituba series the Amazon basin which, faunal basis, 
definitely Middle Pennsylvanian age. However, seems likely that 
the original identification glacial horizons the bore-hole cores was 
incorrect because these show the presence thick sections evaporite 
deposits interbedded with siltstones, shales, and thin fossiliferous 
limestones which are clearly not the product glacial environment. 
Furthermore, this would the only evidence glaciation Upper 
Carboniferous times north the basin some 1,000 miles 
the S.S.E. There thus satisfactory conclusive evidence for 
glacial conditions having existed the Amazon basin during either 
Lower Upper Carboniferous times. 

Bolivia the lowermost Gondwana beds unconformably overlie the 
Lower Devonian and their age considered Lower Permian 
(Barbosa, 1952; Ahlfeld, 1956). Upper Devonian and Mississipian 
sediments are lacking and the only Pennsylvanian Lower Permian) 
beds known are marine. South latitude 21° the Lower 
Permian includes glacial deposits and these which were formerly 
included Mather (1922) his Bermejo series that now considered 
include beds both Permian and Triassic age 1956). 
part the Bermejo series is, therefore, early Carboniferous age 
comparable the Upper Carboniferous strata the lower Tapajoz 
River the Amazon basin. The other two countries north Bolivia 
and west Brazil, Peru, and Ecuador, were apparently not affected 
period glaciation any time during the Upper Palaeozoic. 

Early Carboniferous glacial deposits definitely occur north-western 
Argentina, and this the only part South America that known with 
certainty have suffered glaciation before Upper Carboniferous 
Pennsylvanian times. 

The Upper Carboniferous present all three the Palaeozoic 
basins Brazil but only the southern, basin, includes glacial 
sediments, the Itararé group the series. This group now 
recognized the basis new faunal data Upper Pennsylvanian, 
probably Westphalian (Beurlen, 1954), and not Middle Pennsylvanian 
hitherto believed. The northern limit the glacial deposits lies 
beyond the basin the north-west the upper Araguaia River 
area southern Mato Grosso where fluvioglacial facies the sand- 
stones the Aquidauna series dies out. The Aquidauna series overlies 
the Lower Devonian and underlies the Irati formation Permian age 
and correlated with part the Itararé group (Barbosa, 1952; Oliveira, 
1956). 

CONCLUSIONS 


(1) The basal boulder-bed the Ajua Shales formation the 
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Sekondi series Ghana not glacial origin but represents the basal 
conglomerate marine transgression. The evidence put forward 
Junner and Crow for possible glacial origin some the overlying 
beds this formation untenable. 

(2) other formation the Sekondi series known include 
glacial deposits, that this series, which only doubtful Carboni- 
ferous age, does not provide evidence glacial conditions either 
Lower Upper Carboniferous times Ghana. 

(3) Since there are other glacial deposits Carboniferous 
Permian age West Africa between Mauritania the north, the 
equator the south, and longitude degrees the east, this region 
did not apparently pass through the south polar region late Palaeo- 
zoic times. 

(4) South America glaciation Lower Carboniferous (Mississi- 
pian) times was restricted western Argentina and there evidence 
that extended into either Bolivia Brazil. 

(5) The Permo-Carboniferous glaciation Brazil began Upper 
Carboniferous times (Upper Pennsylvanian) and affected only the 
southern half the country, southern Mato Grosso Rio Grande 
Sul, and since earlier glacial deposits are known least north 
latitude 25° S., this part the continent cannot have passed through 
the south polar region before the Upper Carboniferous. 

(6) Gondwanaland cannot have drifted northwards during the 
Carboniferous period there would then record early late 
Carboniferous glaciation from north south over much South 
America and Africa. such record known. easterly drift 
also out the question would not have resulted the progressive 
shift glaciation from west east envisaged King. southerly 
drift would have given early Carboniferous glaciation southern 
South America and South Africa and late Carboniferous glaciation 
the central and northern parts these continents. This does not 
agree with the known distribution these glaciations. The only 
direction which drift could have taken place is, therefore, towards 
the west possibly north-west. Such movement is, however, difficult 
reconcile with the known areal extent the Upper Palaeozoic 
glaciations South America and Africa, with Professor King’s 
reconstruction Gondwanaland. 
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Reversed Graded Beds from the Dalradian 
Inishowen, Co. Donegal 


ABSTRACT 


sequence reversed graded beds occurs group flaggy 
rocks intercalated within the Upper Dalradian grits Inishowen. 
Usually these beds have thickness between inch and inches, 
and are characterized laminated, argillaceous base which grades 
into fine-grained, arenaceous upper member. 


INTRODUCTION 


REVERSED, inverted, graded bedding, although recorded several 
authors (Barrell, 1917; Ksiazkiewicz, 1952, and Walton, 1956), appears 
unusual feature sedimentary rocks. During investigation 
group Upper Dalradian rocks near the village Culdaff the 
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1.—A. Sketch map north Donegal showing position the 
Inishowen Peninsula north Londonderry, and Culdaff. 

Sketch map coast near Culdaff indicating the local geology 

and the position the localities containing reversed graded beds. 


Inishowen peninsula, Eire (Text-fig. A), the authors encountered 
sequence which form reversed graded bedding well-displayed. 
The beds are not, themselves, individual sedimentation units they 
contain numerous laminations. They are, however, characterized 
overall, upward increase grain size (Text-fig. 2). 

The graded beds, described the paper, occur group termed the 
Fahan Slates and Grits McCallien (1935). This group made 
essentially two distinct sedimentary assemblages 
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(i) Thickly bedded, coarse-grained, feldspathic grits with abundant 
graded bedding the normal type interbedded with (ii) zones 
finer-grained rock types which include flaggy, impure siltstones and 
quartzites, micaceous phyllites, and occasional limestones. The 
reversed graded beds are most abundant the lower part one the 
finer-grained units which outcrops Dunmore Head, lying sandwiched 
between two horizons grit (Text-fig. B). The graded bedding the 
coarse grits and current bedding indicate that the Fahan Slates and 
Grits are not inverted. The reversed graded beds contain various 
sedimentary structures which confirm that the sequence this area 
the correct order succession. Thus, the reversed grading the 
result depositional process and has not been caused disturbance 
during sedimentation subsequent folding. 


DESCRIPTION THE REVERSED GRADED BEDS 


The reversed graded beds are best seen fresh wave-washed 
exposures, because under conditions sub-aerial weathering the 
sedimentary details are obscured. The individual beds range from 
inches thickness, with many units having thickness 
between 0-5 and inches. The graded beds often occur sequences, 
the individual units being the same order thickness throughout the 
sequence, although the graded beds become thinner and less well- 
defined towards the top. Various rock types, including laminated 
siltstones, fine-grained quartzites, and some cherty limestones, occur 
interbedded with the sequences graded beds. These intercalated 
members are rather thicker than the reversed graded beds. One the 
most striking features the level-bedded form the succession and 
the continuity the individual units which can readily traced across 
their coastal exposures. Although these rocks have been folded 
large scale there little appearance small-scale deformation. 
the other hand, there has been post-tectonic crystallization por- 
phyroblastic biotite the more argillaceous layers. 

The graded beds occur flaggy, laminated grey siltstones, each bed 
being made three distinct (i) laminated argillaceous 
base overlain (ii) thicker, fine-grained arenaceous layer which 
covered (iii) thin band pale-coloured silty mudstone (Text-fig. 2). 
The boundary between the argillaceous base and the overlying material 
usually clearly defined although gradational relationship not 
infrequent. The upper surface the basal layer occasionally ripple- 
marked, that the thickness the argillaceous member varies con- 
siderably (Text-fig. the abundant examples where there 
sharply-defined, level contact between the two main parts the bed 
there consistent relationship between the thickness the basal 
layer and thickness the complete graded bed (Text-figs. and 4). 
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2.—Typical reversed graded bed showing the three main com- 
ponents the complete unit. The thickness the bed could 
anywhere within the range 0-5 and inches. 


Thus, certain degree, the size the arenaceous layer can 
predicted from the thickness the preceding argillaceous member. 
The dark grey black basal layer made innumerable lamina- 
tions which are normal graded beds ranging from silt grain size the 
base clay grade the top. The laminations are generally parallel- 
bedded, although they have locally been involved small-scale 
slumping. The argillaceous layer locally current-bedded, being 
associated with thin, inclined laminae fine-grained sandstone. This 
current-bedding has resulted from sediment-carrying currents flowing 
from general westerly north-westerly direction. The main com- 
ponent the reversed graded beds, the arenaceous layer mid-grey 
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TEXT-FIG. 3.—Two examples reversed graded beds (the dark stippling 
represents the fine-grained argillaceous basal layer). 
Typical series seven graded beds showing abrupt junctions 
between the arenaceous and argillaceous layers. 
Series graded beds which the argillaceous base has been 
reworked and mixed with coarser detritus resulting the formation 
current-bedding and ripple marks. 


inches 


Thickness of finegrained base 


4.—Graph indicating the relationship between the thickness the 
basal layer and the thickness the complete graded bed. 


colour and ranges grain size from fine sand silt, with very 
little included argillaceous material. Laminations are occasionally 
but are much less prominent than the layering the basal 
argillaceous layer. There overall upward decrease grain size 
through the arenaceous layer that the top the bed composed 
argillaceous material. 

The junction between the argillaceous and arenaceous layers 
sharp, although mentioned above, transitional boundaries 
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Inishowen, Co. Donegal 


ABSTRACT 


sequence reversed graded beds occurs group flaggy 
rocks intercalated within the Upper Dalradian grits Inishowen. 
Usually these beds have thickness between inch and inches, 
and are characterized laminated, argillaceous base which grades 
into fine-grained, arenaceous upper member. 


INTRODUCTION 


REVERSED, inverted, graded bedding, although recorded several 
authors (Barrell, 1917; Ksiazkiewicz, 1952, and Walton, 1956), appears 
unusual feature sedimentary rocks. During investigation 
group Upper Dalradian rocks near the village Culdaff the 


REVERSED GRADED 
BEDDING LOCALITIES mile 


Text-FiG. 1.—A. Sketch map north Donegal showing position the 
Inishowen Peninsula north Londonderry, and Culdaff. 

Sketch map coast near Culdaff indicating the local geology 

and the position the localities containing reversed graded beds. 


Inishowen peninsula, Eire (Text-fig. A), the authors encountered 
sequence which form reversed graded bedding well-displayed. 
The beds are not, themselves, individual sedimentation units they 
contain numerous laminations. They are, however, characterized 
overall, upward increase grain size (Text-fig. 2). 

The graded beds, described the paper, occur group termed the 
Fahan Slates and Grits McCallien (1935). This group made 
essentially two distinct sedimentary assemblages 
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(i) Thickly bedded, coarse-grained, feldspathic grits with abundant 
graded bedding the normal type interbedded with (ii) zones 
finer-grained rock types which include flaggy, impure siltstones and 
quartzites, micaceous phyllites, and occasional limestones. The 
reversed graded beds are most abundant the lower part one the 
finer-grained units which outcrops Dunmore Head, lying sandwiched 
between two horizons grit (Text-fig. B). The graded bedding the 
coarse grits and current bedding indicate that the Fahan Slates and 
Grits are not inverted. The reversed graded beds contain various 
sedimentary structures which confirm that the sequence this area 
the correct order succession. Thus, the reversed grading the 
result depositional process and has not been caused disturbance 
during sedimentation subsequent folding. 


II. THE REVERSED GRADED BEDS 


The reversed graded beds are best seen fresh wave-washed 
exposures, because under conditions sub-aerial weathering the 
sedimentary details are obscured. The individual beds range from 
inches thickness, with many units having thickness 
between and inches. The graded beds often occur sequences, 
the individual units being the same order thickness throughout the 
sequence, although the graded beds become thinner and less well- 
defined towards the top. Various rock types, including laminated 
siltstones, fine-grained quartzites, and some cherty limestones, occur 
interbedded with the sequences graded beds. These intercalated 
members are rather thicker than the reversed graded beds. One the 
most striking features the level-bedded form the succession and 
the continuity the individual units which can readily traced across 
their coastal exposures. Although these rocks have been folded 
large scale there little appearance small-scale deformation. 
the other hand, there has been post-tectonic crystallization por- 
phyroblastic biotite the more argillaceous layers. 

The graded beds occur flaggy, laminated grey siltstones, each bed 
being made three distinct (i) laminated argillaceous 
base overlain (ii) thicker, fine-grained arenaceous layer which 
covered (iii) thin band pale-coloured silty mudstone (Text-fig. 2). 
The boundary between the argillaceous base and the overlying material 
usually clearly defined although gradational relationship not 
infrequent. The upper surface the basal layer occasionally ripple- 
marked, that the thickness the argillaceous member varies con- 
siderably (Text-fig. the abundant examples where there 
sharply-defined, level contact between the two main parts the bed 
there consistent relationship between the thickness the basal 
layer and thickness the complete graded bed (Text-figs. and 4). 
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2.—Typical reversed graded bed showing the three main com- 
ponents the complete unit. The thickness the bed could 
anywhere within the range 0-5 and inches. 


Thus, certain degree, the size the arenaceous layer can 
predicted from the thickness the preceding argillaceous member. 
The dark grey black basal layer made innumerable lamina- 
tions which are normal graded beds ranging from silt grain size the 
base clay grade the top. The laminations are generally parallel- 
bedded, although they have locally been involved small-scale 
slumping. The argillaceous layer locally current-bedded, being 
associated with thin, inclined laminae fine-grained sandstone. This 
current-bedding has resulted from sediment-carrying currents flowing 
from general westerly north-westerly direction. The main com- 
ponent the reversed graded beds, the arenaceous layer mid-grey 


3.—Two examples reversed graded beds (the dark stippling 
represents the fine-grained argillaceous basal layer). 
Typical series seven graded beds showing abrupt junctions 
between the arenaceous and argillaceous layers. 
Series graded beds which the argillaceous base has been 
reworked and mixed with coarser detritus resulting the formation 
current-bedding and ripple marks. 
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4.—Graph indicating the relationship between the thickness the 
basal layer and the thickness the complete graded bed. 


colour and ranges grain size from fine sand silt, with very 
little included argillaceous material. Laminations are occasionally 
present, but are much less prominent than the layering the basal 
argillaceous layer. There overall upward decrease grain size 
through the arenaceous layer that the top the bed composed 
argillaceous material. 

The junction between the argillaceous and arenaceous layers 
usually sharp, although mentioned above, transitional boundaries 
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marked, the argillaceous material being interdigitated and mixed with 
sandy material. 


Discussion 


The comparative rarity reversed graded beds the stratigraphical 
column suggests that the mode origin rhythmic sequence units 
this type must exceptional. The most obvious comparison with 
varved sediments which show many features common with these 
reversed graded beds regularity bedding, order thickness, overall 
grain size, relationship between thickness dark and light layers, 
and the presence pale-coloured band between the separate units. 

The presence varves the Dalradian succession would not 
considered unusual because has long been appreciated that certain 
the boulder-beds within the Dalradian may have glacial origin. 

alternative approach can made considering the possible 
sequence events leading the accumulation one reversed 
graded bed 


occur. The upper surface the lower layers occasionally ripple- 


(i) Spasmodic deposition silt and clay the form thin graded 
beds under quiet conditions. 
(ii) Reworking the thin graded beds currents flowing from 
west and north-west. The currents were either sediment-free carried 
little silt. This stage may absent, which case the clay/silt 
passed directly into layer (iii). 
(iii) Accumulation, possibly rapid, fine sand and silt which 
finally grades into thin clay layer. 
(iv) Deposition pale-coloured clays under quiet conditions. 


difficult avoid the conclusion that cyclical sequence, out- 
lined above, could only seasonal occurrence. The close relationship 
between the thickness the dark layer with that the overlying light 
layer further evidence indicate that one dealing with annual 
climatic changes and not long-term rhythmical variations. Thus, 
particularly wet season could result the deposition thick unit 
with proportionately thick fine-grained lower layer, but during dry 
season the whole unit, and accordingly the two component layers, 
would thinner. There obvious relation between the thickness 
the thin pale-coloured bands and the adjacent reversed graded beds. 

Broadly, there appear two possible situations which could 
produce the reversed graded beds these will described turn 


(i) Firstly, the variations grain size may reflection changes 
river discharge different seasons. Thus, there would two main 
periods river flow during the annual cycle. The earlier phase would 
result the spasmodic entry silt and clay into the basin 
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the form density currents. The large number laminations the 
lower part the reversed graded bed suggests that some the density 
currents might have been daily occurrence (Hansen, 1940). The 
later phase deposition was the result higher, more continuous 
river discharges which fine sand and silt accumulated rapidly with 
little sedimentary differentiation the separate grain sizes. 

(ii) alternative possibility that the climatic, geographical, and 
geological characteristics the catchment area could result clayey 
sediments being made available for erosion and transport early 
stage the main period high-river discharge during the annual 
cycle. 

This study the reversed graded beds the Fahan Slates and Grits 
suggests that these structures might commoner fine-grained 
sediments than normally appreciated. The poor quality sedi- 
mentary detail visible inland exposures would result these graded 
beds being interpreted sound evidence tectonic inversion. For 
this reason, considerable discretion necessary when using graded 


bedding way-up criterion sediments the type described 
the paper. 
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Preferred Orientation Nepheline Deformed Nepheline 
Syenite Gneisses from Northern Norway 


STURT 
(PLATE 


ABSTRACT 
Evidence presented which shows that nepheline develops 
preferred c-axis orientation response deformative stresses. 
believed that this the first record stress-induced preferred 
orientation nepheline. 


Tuis work arises from the joint investigation the metamorphic and 
igneous rocks Dr. Ramsay and the author. The 
nepheline syenite gneisses described the present account occur 
metamorphosed Eo-Cambrian rocks the island near 
Hemmerfest, northern Norway (lat. 70° 35’ N., long. 23° E.). The 
metamorphic rocks comprise series meta-sediments mainly 
schists, psammites, and limestones, and metamorphosed igneous rocks 
principally gabbro. Dykes nepheline syenite pegmatite intruded into 
similar metamorphic rocks have been described Barth (1927 and 1953) 
from the neighbouring island Seiland. The nepheline syenites 
Serey occur the south-west the island, principally near the village 
Brevikbotn, and are the form nepheline-bearing gneisses and 
nepheline-alkali feldspar pegmatites. 

The metamorphic rocks have been involved least two major 
episodes folding. The large-scale implications the early phase 
folding are not yet fully understood, though suspected that recum- 
bent folds considerable amplitude were formed during this phase. 
the smaller scale, however, many examples have been observed 
tight isoclinal folds lying the banding. These folds have strong 
axial planar schistosity and the axes the folds trend approximately 
north-south. The structures produced during this early folding have 
been refolded during second phase folding about more nearly 
north-east-south-west trending axes. The large-scale structures pro- 
duced this later folding episode are large open asymmetrical anti- 
forms and synforms. Minor folds are present all scales and frequently 
develop axial planar cleavage. 

The main phase metamorphism, accompanied extensive 
granitization, occurred during the interval between the two folding 
episodes, and produced mineral assemblages the Almandine- 
Amphibolite Facies regional metamorphism. This main phase 
metamorphism was followed the intrusion series basic and 
ultrabasic dykes. The formation the nepheline syenite gneisses and 
the emplacement the nepheline-alkali feldspar pegmatites took place 
after the intrusion the basic dykes and before the second phase 
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folding. The nepheline syenite gneisses appear the products 
metasomatism the schistose metasediments and also form 
replacements along shear zones both the metasediments and the 
metagabbro. thin sections the nepheline gneisses the nepheline 
and alkali-feldspar are developed porphyroblasts overgrowing the 
schistose texture the host meta-sediment, the nepheline frequently 
forming glomero-porphyroblastic aggregates. the field relics 
meta-sediment frequently occur the nepheline syenite gneisses the 
form incompletely replaced fold closures and rafts schist, and 
possible trace all stages the formation the nepheline syenite 
gneisses from the original meta-sediments. 

The nepheline syenite gneisses have been deformed during the later 
fold movements with the production asymmetrical folds varying 
amplitude. The minor folds (Plate XXIV, frequently have well- 
developed axial planar cleavage. The gneisses are often lineated, this 
being expressed dimensional orientation the micas and the 
rodding the nepheline aggregates. These lineations are parallel the 
axes the minor folds. Where the rodding nepheline strongly 
developed has pencil-like more frequently, however, the 
nepheline aggregates are deformed into elongated lenses parallel the 
fold axes (Plate XXIV, 2). The extreme pencil rodding produced when 
the axial planar cleavage strongly developed. The nepheline grains 
seen thin-sections cut right angles the lineation, tend have 
polygonal grain boundaries. Sections cut parallel the lineation show 
pronounced dimensional orientation the nephelines parallel the 
lineation. The nephelines occasionally show undulose extinction and 
fracturing. 

Since the nepheline gneisses show macroscopic evidence the strong 
deformation, was decided investigate the optical orientation the 
nephelines. Petrofabric diagrams were prepared for sections cut 
right angles the megascopic lineation specimens nepheline 
syenite gneisses showing the pencil rodding and the elongated lenses 
section was also cut, for purposes comparison, nepheline 
syenite gneiss unaffected the folding. the latter case the nephelines 
showed random orientation. the diagrams for the lineated 
nepheline syenite gneisses, however, the nephelines show 
developed preferred orientation the c-axes (Text-fig. and 
This expressed the petrofabric diagrams pronounced central 
maxima coinciding with the tectonic b-axis. interesting note that 
the specimen with the pronounced pencil rodding (Text-fig. 
developed the highest maximum (13 per cent compared with per cent 
for the gneiss with elongated nepheline lenses—Text-fig. Thus 
during the later folding preferred crystallographic orientation 
nepheline was produced that the nepheline c-axes lie parallel 
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sub-parallel the axes the minor folds. The sporadically developed 
marginal distribution nepheline c-axes Text-figs. (a) and 
interpreted relic the former random orientation fabric. The 
intermediate zone devoid c-axes probably implies that grains 
originally lying low moderate angle the fold axes are more 


1.—Petrofabric diagrams nepheline orientation. 


(a) 300 grains from nepheline syenite gneiss with pencil rodding 
(1-2-3-5-7-9-11-13%). 
(b) 300 grains from nepheline syenite gneiss with rodded nepheline 
lenses 


readily re-oriented than grains inclined steep angle the fold axes. 
The type preferred orientation described for the nephelines similar 
that sometimes developed quartz, and figured Fairbairn (1949, 
Figs. 18). 
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Fic. 1.—Folded Nepheline Syenite Gneiss, Haraldseng, 


nepheline lenses nepheline syenite gneiss. One-half 
natural size. 
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Modal Variation and the Form the Beinn 
Dubhaich Granite, Skye 


ABSTRACT 


variations modal analyses the Chandos Lake 
pluton (Ontario) and the Beinn Dubhaich granite are compared. 
Trend surface analysis maps for the latter area show southwest 
grain parallel the axis about which King (1960) suggested the 
sheet granite folded. The modal data thus appear confirm 
hypothesis, and indicate more mafic base and increase 
quartz content upwards through the sheet. The value petrogenesis 
quantitative variation studies rock masses briefly discussed. 


INTRODUCTION 

petrology and petrogenesis the Beinn Dubhaich granite has 
assumed prominent place account the recent detailed qualitative 
mineralogical studies completed several workers. These results have 
been fully reviewed and appraised Tuttle and Bowen (1958). 
Following Harker (1904) the granite mass has been assumed 
boss-like. However, King (1960) contended that the intrusion 
sheet, whose floor monoclinal form. fact, south the 
summit area the granite floor apparently involved series 
smaller, but much more acute folds all again trending and plunging 
gently the south west (King, 1960, 329). 

view the importance the available mineralogical data the 
nature the three-dimensional geometry the granite assumed more 
than usual importance. King (1960, 326) recognized that his observa- 
tions did not enable final conclusion reached, and expressed the 
hope that further work geophysical studies) would stimulated. 
Evidence bearing the structure granitic and other igneous masses 
can provided the study the quantitative mineralogical 
variability. the sequel evidence based the somewhat meagre modal 
data available for the Beinn Dubhaich granite considered and 
found compatible with King’s sheet hypothesis. 


TREND ANALYSES 
The method fitting trend surfaces geological data described 
the literature (Krumbein, 1959 Whitten, 1959), and such surfaces 
can employed usefully study modal variation granite massifs 
(Whitten, 1960A). The modal variability the Beinn Dubhaich 
granite has been investigated this technique, employing the IBM 
650 programme designed Krumbein (Number 60705, Programme 
Library IBM United Kingdom, Ltd.). The twenty-six carefully- 
prepared modes recorded Tuttle and Bowen (1958, Table 19) have 
been used only. 
DISCUSSION ANALYSES 
Virtually quantitative information available concerning the 
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variability granite massifs (cf. Whitten, 1960B). Exploratory studies 
suggest that small granites frequently possess systematic variability 
with successive transitional zones different modal composition 
developed roughly parallel the generalized perimeter the mass. 
The Wollaston and Deloro plutons, Ontario (Whitten, 1960C, 1961B), 
and the Loch Doon pluton, Scotland 1950), provide good 


2.—Linear plus quadratic plus cubic partial trend surfaces for the Beinn and 
Dubhaich granite, Skye. The percentage the total sums squares accounted 
for each surface indicated parentheses. 


Quartz percentage (46-1). Dots Potash feldspar/plagioclase ratio 
indicate generalized locations from 


which the twenty-six specimens derived. feldspar percentage (47-4). 
Colour index (54-0). Potash feldspar percentage (37-7). 
Plagioclase percentage (24-7). 
examples. Even upon the basis sparse modal data, the pattern 
quantitative variability can usually detected and reconstructed 
trend surface analysis. illustration quantitative variability maps for 
one unit the Chandos Lake pluton south-eastern Ontario are shown 
Text-fig. This intrusion was recently described Saha (1959), but 
most the modal data which Text-fig. based are unpublished. 


assemblage trend surfaces for the Beinn Dubhaich granite 
reproduced Text-fig. contrast with Text-fig these surfaces 
are very complex, and suitable explanation for this complexity not 
readily available. Although apparently very reliable, the twenty-six 
modal determinations are, for the present purposes, scanty and poorly 
distributed geographically. Ideally the whole area interest would 
systematically sampled, whereas this case only two samples came 
from the middle the outcrop area and the remainder from extremely 
close the mapped contacts. the assumption that the 
granite pluton (Harker, 1904), Text-fig. could suggest that the 
rock extremely variable due heterogeneity the magma. 
Alternative explanations might involve contamination near the contacts 
unusual differentiation originally fairly homogeneous magma. 
There are also other possible explanations, as, for example, provided 
King’s (1960) suggestion sheet-like form the intrusion. 

will noted that each the six maps (Text-fig. has distinct 
grain with trend south west. The correspondence between this 
trend and the fold axial plunge postulated King (1960) probably 
more than coincidence. From Text-fig. can deduced the height 
the granite exposed the ground surface above the base the sheet. 
Comparison with Text-fig. suggests that there definite stratifica- 
tion within the postulated sheet the sheet more basic the base 
and more quartzose upwards, shown Table 


TABLE VOLUME INCREASES 
Total Potash 
High 
sheet 


near 
base 
sheet 


Fairly marked Weak 

The convergence evidence provided analysis the modal data 
may tentatively taken vindication sheet intrusion 
hypothesis. 

CONCLUSIONS 

This example illustrates the important which can assumed 
the study quantitative variability igneous complexes. Such 
studies have many important ramifications and can aid solution 
enigmatic aspects the granite problem, and similar problems other 
rock masses. 

any new quantitative study better sampling scheme than that 
available for either Chandos Lake Beinn Dubhaich would 
provide improved results. the present cases additional specimens are 
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not readily available the author. anticipated that new carefully 
designed modal sampling programme would yield conclusive evidence 
bearing the validity the sheet intrusion hypothesis for the Beinn 
Dubhaich granite. 


The surfaces Text-fig. were computed without reference the 
elevation the samples (i.e., the sample localities were projected 
the horizontal plane represented the map). The present results 
suggest that there vertical stratification the intrusion, any 
further study would profit identifica- 
tion sample localities (that is, addition horizontal co-ordinates 
above sea-level, elevation above the reconstructed base the 
postulated sheet. Useful results have emerged from the preliminary 
three-dimensional variability study the Giant Forest pluton, Sierra 
Nevada, California, (Whitten, 1961A), which the only mass for which 
information three-dimensional variation has been published. 
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Occurrence Fayalite Quartz-Monzonite the 


Basement Complex around Bauchi, Northern Nigeria. 


ABSTRACT 


unusual fayalite-bearing quartz-monzonite occurs around 
Bauchi Northern Nigeria and distinguished from the high-level 
fayalite granites the Newer Granites ring complexes the presence 
linear structure conformable with those the surrounding rocks, 
the nature its contacts, the extreme coarseness its 
mineral constituents and the abundance myrmekite. similar 
them its distinctive green colour and the high FeO: 
ratio. The rock believed definitely older than the rocks 
the ring-dyke complexes. 


Introduction.—Fayalite-bearing granitic rocks are common members 
the ring-dyke intrusive series the Plateau Newer Granites. Since 
Bain (1934) first described them from Kudaru complex, they have been 
described Mackay (1949) and more recently, considerable detail, 
Jacobson and others (1958). This the first account the occur- 
rence fayalite-bearing rock the basement complex. 

The granites the basement complex were first investigated 
Falconer (1911), who described them during the general economic 
survey, but did not mention the occurrence fayalite any these 
rocks. Bain (1926, 47) mapped and examined the rocks around 
Bauchi some detail but mistook the fayalite for enstatite. 

The rock occurs around Bauchi the north-east Nigeria (Text- 
figs. and 2). The topography this district characterized 
isolated groups inselbergs which are separated wide domal 
plains. Outcrops are scarce, widely separated and almost entirely 
limited the inselbergs and their immediate surroundings. 

The fayalite-bearing rock, which quartz-monzonite, occurs the 
middle the district studied, covering the whole Bauchi town. 
appears surrounded zones biotite-hornblende granite, 
biotite granite, mixed gneisses, migmatite and meta-sediments that 
order outwards (see map, Text-fig. 2). Pockets fine- medium- 
grained charnockitic diorite occur, mostly within the fayalite-bearing 
rock. The diorite may uniform texture but quite commonly, 
poorly defined areas what appear porphyroblasts microcline 
may seen. Occasionally, they become larger, more numerous, and 
better defined. The rock then hardly distinguishable from the 
fayalite quartz-monzonite into which grades. 

The Fayalite fayalite quartz-monzonite 
the most distinctive the rocks Bauchi. extremely coarse with 
characteristic brownish-green colour and peculiar resinous lustre. 
The predominating large microcline crystals, averaging cm. cm., 
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100 miles 


ow NEWER GRANITE COMPLEXES 


BAUCHI DISTRICT 


1.—Sketch map Nigeria showing the location Bauchi. 


are set unevenly subordinate matrix ferromagnesian minerals, 
quartz and plagioclase. weathered surfaces the rock appears dark 
brown this the usual view and what led Bain (1926, 46) 
describe them dark brown. The colour only truly appreciated 
the fresh material from blasting sites. Weathered surfaces and stained 
hand specimens show linear arrangements the microcline crystals 
which appear conformable with that the surrounding rocks. 

Under the microscope, the rock xenomorphic granular texture, 
characterized the mutual interlobing the aggregate minerals. 
composed microcline, plagioclase, quartz, fayalite, orthopyroxene, 
and hornblende, with accessory apatite, zircon, and magnetite. The 
microcline microperthitic with very poor grid twinning. The 
microperthite commonly the stringlet type; the albite blebs are 
barely resolved the low power objective, giving the crystals velvety 
texture. The individual microcline crystals, which appear sub- 
hedral euhedral hand specimens, are seen both stained surfaces 
and under the microscope, crystalloblastic outline, characterized 
lobes and tongues with which they tend embay other minerals. 
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The 69°, optically negative, smaller than that observed for the 
microcline the migmatites and biotite-hornblende granite, and 
suggesting lower soda content lattice structure lower order. 
The plagioclase oligoclase-andesine (average, occurs 
various sizes and shapes and some are crystalloblastic. Bent and 
crushed grains are commonly observed though many crystals show 
all. Where plagioclase contact with the microcline 
luxuriant myrmekite developed. variably 
distributed, occurs large masses, some showing undulatory extinction. 
Fayalite, the distinguishing ferromagnesian mineral, contains about 
per cent (Table 1). rarely found discreet grains 


TABLE DATA FOR THE FERROMAGNESIAN MINERALS, FAYALITE 
QUARTZ-MONZONITE AND THE ASSOCIATED BAUCHI 


Optical Data Approximate Composition 
i: is) | @ | Y-a | 2V | Ext. | En | Fs | Wo! Fa | Fo 

1. Fayalite from the fayalite quartz-monzonite, ME 101. 

2. Clinopyroxene from the same specimen as the fayalite above. 

3. Orthopyroxene from the charnockitic monzonite, ME 102. 

4. Orthopyroxene from the quartz diorite, ME 133. 

5. Clinopyroxene from the quartz diorite, ME 133. 

6. Amphibole from the biotite-hornblende granite, ME 124. 

7. Amphibole from the fayalite quartz-monzonite, ME 101. 

8. Amphibole from the charnockitic monzonite, ME 102. 

9. Amphibole from the quartz diorite, ME 133. 


but most commonly clustered aggregates with other ferromagnesian 
minerals. There peculiar zonal arrangement fayalite, pyroxene, 
and hornblende grains (Text-fig. 3). The clinopyroxene commonly 
pale greenish with appreciable pleochroism. identified ferro- 
hedenbergite (Table 1). Inclusions parallel needles magnetite may 
occur form schiller structure. The mineral has rather irregular 
distribution and may completely absent from some sections, probably 
because the coarseness the rock. Orthopyroxene sometimes 
present and some sections amounts considerable part the 
ferromagnesian minerals. may found interlocked with the 
fayalite. 

Hornblende, the most abundant the ferromagnesian minerals, 
believed ferrohastingsite. greenish-brown and pleochroic 
greenish-brown, brownish-green, and bottle green (Table 
1). Magnetite the most common inclusion the hornblende. 
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Drawings from microphotographs illustrate the arrangements 
the ferromagnesian minerals the fayalite quartz-monzonite. 


Biotite rather rare this rock but seems appear with the transition 
towards the biotite-hornblende granite. 

The chemical composition the rock (Table indicates high 
FeO: ratio and low MgO content. There are barium minerals 
the rock and the BaO presumably held potash feldspar. 

charnockitic rock much like the fayalite quartz-monzonite occur 
around Yelwa Bridge where forms small outcrop the north bank 
the river. This rock generally more gneissose and appears 
richer ferromagnesian minerals. Under the microscope fayalite 
found rare and the mafic mineral assemblage fayalite-heden- 
bergite-hornblende replaced orthopyroxene-hornblende-biotite. 
The orthopyroxene (Table strongly pleochroic, 
brownish-pink green, and presumably contains appreciable 
titanium. may occur large masses that are optically continuous 
discreet elongated plates. 

The Associated Rocks.—The quartz diorite which occurs patches 
within the fayalite blue-black rock 
charnockitic affinity. The rock commonly uniform textured except 
along the transition zone towards the fayalite quartz-monzonite, where 
feldspathic areas resembling porphyroblasts are developed; sparsely 
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TABLE 2.—CHEMICAL COMPOSITION QUARTZ-MONZONITE, 
Norms 
o/ 

| /o yA 

0-12 0-15 
MnO 0-05 

Total 100-32 


101, fayalite quartz-mozonite, Kobi Hill, Bauchi. 

222, fayalite quartz-monzonite, Kofar Wombai Hill, Bauchi. 
Both analyses the Colonial Geological Surveys (Mineral Resources 
Division), London. 


Norm calculations the writer; after Barth (1951, pp. 79-81). 


first but increasing size, definition and amount the fayalite 
quartz-monzonite approached. Such areas porphyroblasts may 
occur inside the quartz diorite away from the marginal area, developing 
patches that are quite indistinguishable from the fayalite quartz- 
monzonite. Some specimens show linear arrangement these 
porphyroblasts which concordant with the lineation the fayalite 
quartz-monzonite and the other surrounding rocks. 

Under the microscope, the rock seen granoblastic granular 
texture and composed plagioclase, microperthite, ortho-, and 
clino-pyroxenes, hornblende and some quartz, with occasional biotite 
and rare fayalite. 

The plagioclase andesine Zoned crystals are common 
and these show peculiar irregular calcic cores. Some specimens show 
parallel inclusions numerous needles iron-oxide the plagioclase. 

The potash feldspar always microperthitic and occurs variable 
sizes irregular shapes. rare typical specimens but, also 
the field, becomes more abundant and larger the rock approaches 
the fayalite quartz-monzonite appearance. found commonly 
intergrown with the plagioclase unusual way, which can 
interpreted mean either the potash metasomatism the diorite 
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the removal potash from the fayalite quartz-monzonite. Whether 

potash feldspar replacing, being replaced by, the plagioclase 

hardly demonstrable. 

the quartz diorite, fayalite rare and orthopyroxene the typical 

ferromagnesian mineral. This strongly pleochroic; pale 

reddish pink, reddish green, and green, and identified 

ferrohypersthene, presumably containing appreciable amount 

titanium (Table 1). The clinopyroxene green with appreciable 

pleochroism. identified ferroaugite (Table 1). occurs com- 
monly associated with the orthopyroxene and hornblende. 

The hornblende ferrohastingsite (Table 1). Biotite rare 

most specimens, but locally may become abundant. Magnetite 

common accessory mineral. may occur needles arranged with 

parallel orientation the orthopyroxene clots included the 

ferromagnesian minerals. 

Another distinctive rock associated with the fayalite quartz-mon- 
zonite the biotite-hornblende granite which surrounds the former 
almost completely. The two rocks are texturally similar. They differ 
colour, however, the biotite-hornblende granite being more leuco- 
cratic; its feldspars are generally light coloured (white, pink, 
yellowish-brown) and the quartz invariably colourless. Mineralogi- 
cally, the absence fayalite differentiates the biotite-hornblende 
granite from the fayalite quartz-monzonite. the field the disappear- 
ance fayalite marked change colour towards that the 
biotite-hornblende granite. 

Under the microscope the rock composed microcline-micro- 
perthite, plagioclase, quartz, biotite, and hornblende, and 
xenomorphic granular texture. The microcline porphyroblasts are very 
similar those the fayalite quartz-monzonite described earlier, but 
the optic axial angle much larger, (—)2V 84°. 

The plagioclase oligoclase occurs large small 
plates and generally shows some strain effects, most evident which are 
the bent twin lamellae. Weak zoning may noticed some grains. 

Along the contact with potash feldspar, when myrmekite not 

developed, narrow selvedge which the plagioclase show re- 

orientation the twin lamellae may observed. Quartz occurs 
large masses. Some show undulatory extinction while others may have 
strain effect. 

The ferromagnesian minerals are biotite and hornblende. They are 
very variable distribution and proportion. The biotite occurs 
clusters flaky plates and may ragged; rarely occurs large 

irregular masses that are optically continuous and pleochroic frum pale 

brown. Hornblende commonly associated with the 

biotite. The hornblende greenish-brown colour, and pleochroic 
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Accessory minerals include euhedral subhedral 
orthite, and rather rare iron ore, which associated with biotite. 
Zircon and apatite may also present. 

The biotite-hornblende granite turn surrounded two distinct 
zones migmatites. The inner zone immediately enveloping the 
biotite-hornblende granite gneissose biotite granite with varying 
amount microcline porphyroblasts. Sporadically the porphyroblasts 
become large and numerous patchy areas; the resulting rock may 
then indistinguishable from the biotite-hornblende granite. The 
outer zone agmatites which biotite gneisses are dissected 
granite and pegmatite dykes into angular blocks various shapes 
without any visible disturbance the orientation. Metasediments, 
mostly granulites and occur relic lenses within the 
migmatites. Outside Bauchi province such metasediments are very 
abundant (Falconer, 1911) and the zone migmatites Bauchi 
appears grade into the surrounding areas metasediments. Thus 
transition from inner core fayalite into 
outer zone metasediments appears represented the rocks 
Bauchi. 

The Contacts and the Distinguishing Features the Rock.—Outcrop 
generally very poor the district, and very rare the critical 
contact areas, making the study the contact relationship rather 
difficult; therefore they are not perfectly known. 

The fayalite quartz-monzonite has contacts against two the rocks 
the area; namely the quartz diorite which contains and the biotite- 
hornblende granite which surrounds it. Both these contacts are 
gradational. example the first exposed north Dumi Hills, 
near Gombe road, while the second was seen only the neighbourhood 
the Dumi inselberg, just north the village. Here, the transition 
appears have taken place over short distance, between 
feet. 

The biotite-hornblende granite surrounded outwards the 
porphyroblastic biotite granite which member the migmatite 
series. The contact between these two more varied and less exposed. 
places, the area north-east Miri, the gradational character 
the contact hardly disputable. The smaller porphyroblasts the 
biotite granite gradually increase size and amount the biotite- 
hornblende granite approached over distance about 100 feet, 
and then the rock becomes quite indistinguishable from the latter. 
North Yelwa, and few other places, the gradation abrupt and 
imperfect giving rise line textural contrast which, because its 
indefinite character, may not interpreted intrusive contact. 
The various members the migmatitic series shown the map 
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cannot clearly demarcated from one another. One belt simply 
passes gradually into another over wide and irregular area; that the 
gradational relationship between them seems evident. Thus there 
appears gradational series from the quartz diorite, through the 
fayalite quartz-monzonite, the migmatites and possibly the 
metasediments. 

This occurrence thus significant being, with the possible excep- 
tion the fayalite-bearing charnockitic rock described Howie 
(1958) from the Sudan, the first one fayalite-bearing acid rock 
setting which can considered plutonic. All the recorded occurrences 
such rocks known the writer are high-level intrusions; and most 
are associated with ring-dyke complexes. All the fayalite-bearing acid 
rocks far described Nigeria are, with the exception this 
occurrence around Bauchi, members the ring-dyke complexes 
Central Nigeria. 

Petrographically, the fayalite quartz-monzonite Bauchi contrasts 
strongly with the fayalite granites the newer complexes. Unlike them 
extremely coarse and its large microcline crystals are crystallo- 
blastic. further contrast remarkably free from deuteric any 
other type alteration, myrmekitic intergrowth quartz and plagio- 
clase abundant, and the ferromagnesian minerals are disposed 
way which does not appear accord with the reaction principle. 
The distinctive character the Bauchi rock almost certainly due 
genetic history different from that the newer granites but related 
that the migmatites and gneisses. 

The Relationship between the Basement and the Newer Granites.—The 
fayalite quartz-monzonite Bauchi and the fayalite granite type the 
ring complexes are similar certain respects. hand-specimen both 
are peculiar resinous brownish-green colour. Chemically they 
appear similar; they are characterized high FeO: Fe,O, ratio. 
These two points similarity they appear share with the other 
world-wide occurrences. The peculiar colour may related the 
high FeO fayalite-bearing rocks. 

The absence stratigraphic horizons makes age determination rather 
difficult and little can said other than that the ring-dyke complexes 
are intruded into, and are younger than, the basement granites which 
the fayalite quartz-monzonite most probably member. 

the actual genetic relationship between these two groups rocks, 
much remains known. 
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The Distribution Alpha Radioactivity Specimen 
Shap Granite 


SPEARS 
(PLATE XXV) 


ABSTRACT 


The distribution alpha radioactivity thin sections Shap 
granite discussed and more than per cent the activity shown 
concentrated the accessory minerals. The results this 
study are compared with those obtained for the Adamello grano- 
diorite other workers using similar techniques. 


INTRODUCTION 


the course study concerned with the amount and distribution 
radioactive elements rocks, specimen Shap granite was 
examined using nuclear photographic emulsion technique. This 
technique, developed 1951 Ford, the best inethod available for 
determining the source alpha radioactivity rocks. The same 
technique has been used determine the distribution radioactivity 
acid igneous rocks several workers, notably the authors the 
work the Adamello granodiorite (Merlin, Picciotto, and Wilgain, 
1957) and also Cameron (1958). 


METHOD 


The technique described Ford (1951 and 1958) and more recently 
Hamilton (1960), has been followed this present study with little 
modification. Normal thin sections Shap granite microns thick 
were carefully prepared and were coated using Ilford emulsion 
gel form. The slides were then exposed for days and precautions 
were taken ensure that the latent image did not fade. The latent 
image was then developed and fixed photographic methods, and 
was thus converted into rows silver grains visible under the micro- 
scope. 

The microscope had magnification 675 and was fitted with 
fluorite oil immersion objective. the scanning the slides grid 
pattern with spacing 300 microns was used. every grid inter- 
section constant area (-96 sq. cm.) was examined, and the 
number and origin the alpha tracks were noted which occurred 
within that area. The slides were also point counted, using the same 
grid pattern, order determine the relative areas the constituent 
minerals. 

RESULTS 

Three thin sections from specimen collected the Shap granite 
quarry, Westmorland, were prepared and examined using the technique 
described above. this way the total number observations made 
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under the microscope were follows :—2,400 alpha tracks were 
counted from total 7,000 fields view determining the distribu- 
tion activity 4,600 point counts were made establishing the 
relative areas minerals the three slides. These two determinations 
could have been made simultaneously, but was found more con- 
venient make them independently. 

thin section the granite was seen consist phenocrysts 
perthitic orthoclase set matrix mainly quartz, plagioclase, and 
orthoclase, with subsidiary biotite showing signs chloritization. The 
relative areas the minerals the slides are shown Text-fig. and 
important feature this figure the value per cent for the 
accessory minerals. Sphene was the most abundant the accessory 
minerals and then decreasing order came magnetite, apatite, zircon, 
and finally monazite. The important contribution that these accessory 
minerals make the total alpha radioactivity the slides illustrated 
Text-fig. and apparent that they are many times more 
radioactive than the major minerals, fact which emphasized 
and re-expressed the values given for the specific activities Table 


TABLE 
Adamello 
Shap granite. 
Accessory minerals 
zircon 0-32 0-11 


Results Merlin, Picciotto and Wilgain (1957) and compiled from 
sections microns thick. 


should appreciated that there are several errors involved 
computing values such these, and therefore they should regarded 
approximations, correct only the order magnitude that they 
express. The values given Table for the major minerals show 
that their specific activities are low, with quartz and orthoclase the 
lowest and biotite the highest. the other hand the accessory 
minerals show much higher specific activities than the major minerals, 
and the order increasing activity magnetite, apatite, sphene, 
zircon, and finally the most active, identified optical methods 
almost certainly monazite, but only two crystals were discovered. 

result earlier studies pleochroic haloes (e.g. Hayase, 1954) 
well-known that alpha particles can cause alteration minerals 
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accessory minerals 2% 


biotite and chlorite 


orthoclase 49% 


quartz 12% 


feldspar 
biotite, and quartz 
apatite and magnetite 
unidentified inclusions 
€ 
zircon 
eee ecee sphene 


granite thin section. 


The relative areas occupied the minerals the Shap 
(5) The distribution alpha radioactivity. 


486 Spears— 


and the present sections the orthoclase was observed darker 
adjacent the monazite. The same alteration was observed surround- 
ing further radioactive mineral, but the importance this occur- 
rence was that the radioactive material was infilling fissure the 
orthoclase. Therefore this material younger than most the rock 
and probably represents one the last portions the magma 
crystallize. 

The variation the specific activities the different minerals has 
already been described. However, addition this variation, another 
was noted the specific activities different crystals the same 
mineral, and also different zones the same crystal. considering 
such variation care must taken appreciating the role played 
minute radioactive inclusions minerals. Failure would lead 
erroneous conclusions regarding both the specific activity and the 
distribution radioactivity within the host mineral. 

making comparison between the results for the Shap granite 
and the Adamello granodiorite, seen that both have heterogenous 
distribution radioactivity, with per cent the radioactivity 
concentrated the accessory minerals. Table shows that for the 
minerals common the overall specific activities are similar. Never- 
theless the Shap granite the main minerals are slightly more radio- 
active, and also zircon least ten times more active than sphene, 
whereas they are equally radioactive the Adamello granodiorite. 
The sections from the Adamello granodiorite indicated concentra- 
tion radioactive elements fissures mineral interstices, whereas 
these relationships were noted both the Quincy granite (Hurley, 1950) 
and the Lake Blanc granite (Picciotto, 1950). The present study has 
shown some concentration radioactive material crystal fissures, 


but evidence has been recorded concentration mineral 
interstices. 


CONCLUSION 


study this type enables the sources alpha particles 
accurately located and their distribution thin section determined. 
This has been done for specimen Shap granite and the results 
illustrate the behaviour uranium and thorium during the crystalliza- 
tion the magma, because the first place the radioactive material 
concentrated the accessories, and secondly there some evidence 
favour enrichment uranium and thorium the final stages 
crystallization. 

Since much the activity was discovered concentrated 
rare accessory minerals, difficulties sampling are indicated. Thus the 
results presented this study cannot related quantitatively the 
granite whole since they are based upon three thin sections from 
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single specimen. Nevertheless the results are significant that they 
indicate that nearly all the radioactive elements are concentrated the 
accessory minerals, and the sections this accounts for more than 
per cent the total alpha activity. 
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EXPLANATION PLATE XXV 


Fic. 1.—Photograph monazite crystal showing many alpha tracks and 
the darkening the orthoclase adjacent the crystal 640 
magnification). 

Fic. 2.—Photograph radioactive mineral showing its association with 
fissure the orthoclase, and also the alteration the orthoclase 
adjacent the fissure 640 magnification). 


Intrusions Gabbro and Granophyre the 
Snaefellsnaes, Western Iceland 


ABSTRACT 


Two adjacent areas intrusive plutonic rocks, occurring 
western Iceland are briefly discussed. These intrusions are gabbros 
and granophyres, believed Tertiary age, types closely 
comparable those S.E. Iceland. 


INTRODUCTION 


visit the Snaefellsnaes peninsula 1954 the authors, 
together with Messrs. Ryan and Smith, made brief investigation 
the intrusions and These intrusions, 
believed Tertiary age, are emplaced within the older basalts. 
The existence these major intrusions has been mentioned several 
publications, but they have not previously been described. They are 
closely comparable those described Cargill, Hawkes, and Ledeboer 
(1928) from S.E. Iceland. analysis given Tyrell (1949) 
specimen from the gabbros. 

The Midhyrna and intrusions (Text-fig. lie within the 
basalt hills that rise steeply from the coastal plain the southern side 
the peninsula. The Midhyrna gabbros form high, scree-skirted cliff 
the southern side Torgeirsfell mountain, whereas the granophyres, 
diorites, and gabbros the intrusion, about km. away, 
have been differentially eroded form the floor the 
valley. The Midhyrna gabbros were, after denudation, and erosion, 
partially covered later lavas and pyroclastics. Volcanicity re- 
commenced recent times and post-glacial flows olivine-basalts 
have spilled down from the hills onto the coastal plain (Text-fig. 2). 
Hot-springs are still active close the 
intrusions. 


THE MIDHYRNA GABBROS 

The gabbros outcrop over area approximately km. long ca. 
km. broad. Generally, there little variation rock type, the 
gabbros being coarse ophitic-textured rocks which the plagioclase 
shows little tendency idiomorphism. Preferred orientation the 
minerals not found. The gabbro body assumed have con- 
solidated from single intrusion olivine basalt magma. one 
buttress, which stands well out from the main face the Midhyrna, 
there some conspicuous large-scale layering the form alternating 
layers leucocratic and mesocratic gabbro. The layering was rather 
inaccessible and was not examined close hand. The individual 
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layers, which thirteen are visible, are ca. 6-8 thick and 
appear lie more less horizontally. 

The layering can traced westwards towards the almost vertical 
contact between the gabbro and the basalts. the contact 
approached, the layering becomes ill-defined and there suggestion 
that becomes banked-up towards the contact. the east, the 


2.—Sketch the Midhyrna from the coastal plain. The recent lava 
flow (centre) overlies bed agglomerate. This agglomerate 
overlies the contact between gabbro and basalt. 

layering appears pass imperceptibly into massive and structureless 

gabbro. Small, sharply defined veins gabbro-pegmatite (labradorite 

and augite) cms. wide are locally common. Inclusions 
basalt are particularly abundant towards the east end the intrusion. 

Where the contact the gabbros against the earlier basalts best seen, 

the south-west end the Midhyrna face, chilling appears have 

been slight. The gabbros are cut many small basic dykes, generally 

striking north-south, and also inclined sheets dolerite 

thick dipping into the gabbros and towards the north-west. 

The gabbro consists calcic plagioclase (bytownite—labradorite), 
augite, serpentine pseudomorphs after olivine and small quantities 
ore. Chlorite, calcite, and epidote are also present and thought 
that these, well the olivine pseudomorphs, are the products 
subsequent hydrothermal action. 


INTRUSIONS 
The gabbros, granophyres, and associated hybrid species occupy 
area approximately km.* within the valley. The southern 


Gabbro and Granophyre, Western Iceland 491 


part consists the main granophyres and dioritic rocks whereas the 
northern sector the head the valley essentially 
composed gabbros (Text-fig. 3). the south, the contacts between 
the granophyre-hybrid assembly and the surrounding basalts are highly 
irregular result extensive veining and brecciation the intrusive 
rocks. The contact relations recall those figured Cargill, Hawkes, 


3.—Sketch the upper part the valley showing the 
approximate relationship between the gabbros and the granophyre- 
hybrid assembly. Beyond the gabbros sill olivine-dolerite 
within the lava sequence. basalts. gabbro. Gr: grano- 
phyre and hybrids. olivine-dolerite sill. 


and Ledeboer for the granophyre-basalt contact the Oster Horn 
complex south-east Iceland. The granophyres have incorporated 
large quantities the basalts and assimilation has been extensive. 
was impossible estimate the relative amounts basalt and gabbro 
enveloped the granophyres, but likely that the gabbro made 
substantial contribution towards the contamination the granophyre. 
Diffuse veinlets granophyric material are found within the 
gabbroic rocks the head the valley and probably represent offshoots 
from the main granophyre intrusion. However, the gabbroic rocks are 
themselves quartz-bearing with the quartz mainly present micro- 
pegmatitic intergrowth and there the possibility that the granophyric 
veinlets within the gabbros represent primary segregations, inde- 
pendent the main granophyre intrusion. 

Although much more detailed field investigation required fully 
elucidate the complex relationships within the rocks, the 
present work suggests that there were two main intrusions one 
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quartz-gabbro and later intrusion granophyre. The wide range 
intermediate rocks ascribed reaction between the granophyre 
magma and the surrounding gabbros and basalts. The uncontaminated 
granophyres are extremely leucocratic rocks consisting almost entirely 
quartz and perthitic feldspar, mostly intergrown granophyric 
frets, and with only subsidiary amounts ore and biotite. general 
the dioritic rocks contain strongly zoned plagioclase (ranging from 
labradoritic cores ca. augite, much serpentinised and frequently 
surrounded hornblende, together with ore, apatite, and quartz. 
some varieties hornblende and biotite are the dominant ferro- 
magnesian minerals and the plagioclase present cores within 
perthitic alkali feldspar. the gabbros themselves olivine and olivine 
pseudomorphs have not been found, whereas quartz ubiquitous 
constituent. The augites tend idiomorphic, contrast the 
ophitic habit exhibited within the gabbros. 

large number minor dykes and sheets intersect the gabbro- 
granophyre-diorite association. about km. the south west the 
complex small area granophyre outcrops. This closely 
resembles the uncontaminated granophyres the and again 
extremely leucocratic and slightly drusy. Immediately the east 
this outcrop area calcareous sinter deposited hot springs. 
boring had been made some time previously through the sinter 
order tap hot water for the nearby farm, and some cores 
had been left beside the bore-hole. The cores, which were not 
sequence, included sinter, granophyre, and hybridized granophyre. 
The inference that granophyric rocks, almost certainly connected 
with those the intrusions, underlie much the superficial 
deposits the lower end the valley. 

Granophyres are also known from the region the 
Snaefellsnaes, some km. west northwest from 
Tyrrell (1949), but not accompanied any field petrographic 
description. 
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New Irish Tournaisian Fenestellids 


(PLATE 


ABSTRACT 


new genus, Levifenestella, erected, with maeve n.sp. from 
the Tournaisian Co. Sligo, Ireland, type species. new species 
Fenestella, polynodosa, from the same horizon and locality, 
described. Russian species, rossica Shulga-Nesterenko, 
recorded from the Tournaisian Hook Head, Co. Wexford. 


Order Cryptostomata Vine, 1883 
Family King, 1850 
Genus Levifenestella gen. nov. 


Type Species.—L. maeve n.sp. 

Diagnosis.—Zoarium unknown but probably gross form, 
reticulate construction approximating general size, shape, and 
form, Fenestella, but the obverse the branches without noded 
carina. Instead, irregularly interrupted, narrow, low, thread-like 
ridge, minutely granular texture, forms the crest the branches. 

comparative smoothness the obverse the 
branches distinguishes Levifenestella from Fenestella Lonsdale, which 
has noded, tuberculate, spinose carina condition also found 
the main structure Hemitrypa Phillips), and from Parafenestella 
Miller, with noded carina and dissepimental nodes. The holotype 
the type species, maeve, described below, extremely well-preserved, 
the fine sculpturing the surface sclerenchymal tissue round and 
between the apertural peristomes being clearly visible under the 
microscope. There thus question carinal nodes having been 
broken off lost attrition. Moreover, the carinal 
without node-base scars, and polished etched specimens trace 
carinal node-axes can found. 

published descriptions fenestrate bryozoa not always clear 
whether lack reference carinal nodes real indication their 
absence, merely failure appreciate their significance and 
importance systematics. However, examination the literature 
reveals eight species, described under the genus Fenestella, which may 
now with some confidence referred Levifenestella. These species, 
arranged rough stratigraphic order, are tabulated, with their 
micrometric formulae, Table 

These species are distinguished explicitly their authors being 
without carinal nodes. Thus filistriata (Ulrich) the branches are 
sub-carinate their sides covered with longitudinal striae, recalling 
the sclerenchymal sculpture ornament maeve. limitaris 
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TABLE 1. 


Branches | Dissepi- Branch § Zooecial 


in ments in width base Horizon 
10 mm. | 10 mm. (mm.) shape 
L. rottiensis > 12 6 0-2 ? Permian 
(Bassler, 1929) 
L. undecimalis . 9-10 | 34 0:42-0:52 P-T Permian 
(Shulga- | | 
Nesterenko, | 
1941) | | 
L. expansa (10-11) ? | ? Permian 
(Crockford, j | 
1942) | 
L. subrudis 16 12 17-18 || 0-35-0-45 ? Up. Stephanian 
(Condra, 1902) } 
L. missouriensis 20 13 19 0-3 } ? Lr. Stephanian 
(Rogers, 1900) | | Up. Westphalian 
L. sevillensis - (20) 16 16-17 0-3 ? Up. Namurian 
(Ulrich, 1890) 
limitaris 16-17 0-35-0-40 Lr. Viséan 
(Ulrich, 1890) 
filistriata (13) 13-14 0-35-0-50 Up. Tournaisian 
(Ulrich, 1890) 


It is not possible to determine zooecia! diameter for any species, and the number of carinal 
nodes (in 5 mm.) is zero for all. 


(Ulrich) has median keel obsolete, represented faint, some- 
what flexuous thread-like line scarcely rising above the cell-aperture 
Similarly, sevillensis (Ulrich), the carina obsolete, 
replaced fine, sharply impressed line, bordered each side 
intermittent stronger and fainter raised line. One two thinner lines 
usually mark the interspace between These last 
characters are found maeve, the line Ulrich 
being the trace the inner cell wall the outer envelope. 

Certain other species Fenestella are possible, but less certain, 
attribution Levifenestella. Thus garnettensis Elias (1937) said 
have only slight suggestions nodes upon the but 
Elias’ figure shows narrow, thread-like carina without nodes. 
possible that examination thin sections revealed the author 
widely-separated small node-bases. gratiosa Moore (1929) has 
faintly granular keel, and there mention nodes. the Devonian 
species carinata Fenton and Fenton (1924) the keel elevated, 
zigzag, nodeless 


Levifenestella gen. sp. nov. 


Plate XXVI, fig. Text-fig. 1a. 


E.17854 (collection the Sedgwick Museum, 
Cambridge) from Lower Carboniferous Limestone group, Tournaisian 
Stage, Pollarone-Lackavarne shore, miles east-south-east 


(The trivial name chosen that the legendary Queen Maeve whose 
body, according folklore, buried Knocknarea, hill overlooking the 
type locality the new species.) 
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Easky, Co. Sligo, Ireland. Fragment, mm., obverse 
zoarium ochreous surface dark-grey fissile silty shale. 


Micrometric formula? 


form zoarium unknown. Branches strong, 
straight, moderately steep-sided, relatively thick. Obverse with 
minutely granular ridges sclerenchymal tissue investment parallel 
branch axes except where deflected zoarial apertures junction 
with dissepiments, round into which they Beneath the 
sclerenchyme the outer terminations the zooecial chamber walls 
appear narrow, slightly raised, darker ridges running distally 
towards the axial ridge carinal thread, which they appear join 
acute angle. The narrow, interrupted, minutely granular axial ridge 
carinal thread the outer termination the internal median wall 
which separates the two rows zooecial chambers. Dissepiments 
markedly narrower mm.) than the branches, usually set 
normal the branch axes, but occasionally slightly oblique. Surface 
sclerenchyme like that the branches. Fenestrules rectangular 
elongate-oval, rather wider than the branches. Zooecial apertures 
circular, with moderately developed peristomes bearing ring 
minute granules, not indenting the sides the fenestrules, five six 
fenestrule. Zooecial base-shape distorted-hexagonal (dH) 
(Text-fig. 1a). 

Horizon.—The type-locality alternating brown earthy shales 
and sandy limestones, with beds 9-18 inches thick about 100 feet 
above the top the Lower Limestone Shales” the original 
geological survey. The associated fauna includes zaphrentids, large 
ribbed form Caninia, Michelinia, Leptaena, crinoid débris, etc., and 
has distinct Tournaisian aspect. The beds form part low anti- 
clinal structure plunging the south. few miles the north-west, 
along the excellently exposed coastal sections gently dipping strata, 
large productids, bun-shaped lithostrotiontids, and species 
Dibunophyllum, begin appear, some hundreds feet higher the 
succession. Clarke (1924), referring sections the vicinity near the 
base the Lower Limestone Shales, records Zaphrentis omaliusi, 
delanouei, konincki, parallela, Caninia cornucopiae (including 
forms with and without epithecal ribbing), patula, cylindrica, 
densiphyllids, and Michelinia megastoma, and concludes: There 
nothing the coral brachiopod fauna these beds suggest 


explanation the conventional micrometric formulae used 
describing bryozoan meshes contained Miller, G., North American 
species Fenestella from the Carboniferous Great Britain and Ireland. 
Palaeont., 36, 1962. 


496 Miller— 


Viséan horizon, and the faunal contents the underlying and over- 
lying strata favour this However, comparison with 
(1912) faunal lists suggests the possibility that low Viséan horizon 
may present. this connexion relevant note the statement 
George and Oswald (1957, 176): line running 
approximately from Galway Balbriggan, Tournaisian rocks are 
absent from This view extended George (1958, 241) 
England and Wales when suggests that there are strata older 
than the Viséan north the Craven Lowlands. Turner (1959) has 
the meantime demonstrated the presence Tournaisian benthonic 
assemblages both County Dublin and Ravenstonedale—i.e. north 
the Craven Lowlands. 

Oswald (1955, 180) referred the Lower Carboniferous faunal 
assemblage the Sligo areas not unlike that Tournaisian 
horizons England and and drew attention the broad 
similarity between the Sligo succession and that the Omagh 
syncline described Simpson (1955). Here, the Claragh Sandstone 
group and possibly the lower part the Pettigo Limestone group 
seem referable the Tournaisian stage. 

appears, therefore, that the present state the evidence favours 
(and view that rocks Tournaisian age are probably 
present. goniatites have far been recorded from the sections. 

shape the zooecial chambers maeve 
distinctly different from that most other members the family 
Fenestellidae having the lateral wall well the median angled 
(Text-fig. 1a). The resultant shape less geometrically regular than 
the fenestellid triangular (T), sub-triangular (sT), penta- 
gonal (P), hemi-hexagonal (hH), quadrate (Q), sub-rectangular (sR), 
rectangular (R) base-shape. may called, for convenience, 
distorted hexagonal (dH). 

Among the species, formerly Fenestella, now referred Levi- 
tabulated above, clear that only undecimalis (Shulga- 
Nesterenko) and expansa (Crockford) have meshwork formulae 
approaching that maeve. these undecimalis, from the 
Lower Permian the Urals, has much longer fenestrules (3-4 
mm.) than maeve (6-7 mm.). expansa, from the Permian 
Australia, has, like many other Permian fenestellids, very coarse 
mesh, much coarser than that maeve. 


Fenestella polynodosa sp. nov. 
Plate XXVI, fig. Text-fig. 


Specimen E.5240 (Sedgwick Museum), from Carboni- 
ferous Slate Tournaisian Stage, Hook Head, Co. Wexford, Ireland. 


New Irish Tournaisian Fenestellids 


Levifenestella maeve, gen. sp. nov. showing distorted hexagonal zooecial base-shape. 
Fenestella polynodosa sp. nov. showing effect poriferous carina produced breaking away 


drawings fenestellid meshes: 


Fenestella rossica Shulga-Nesterenko, composite reconstruction showing relation carinal nodes 


(Scale-length each case mm.) 


A 
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fissile shaley mudstone. 

(2) Specimen E.17855 (Sedgwick Museum), from Lower Carboni- 
ferous Limestone, Tournaisian Stage, Pollarone-Lackavarne shore, 
miles east-south-east Easky, Co. Sligo, Ireland. Fragment 
stone with shell fragments and crinoid ossicles. 

Micrometric formulae 


distincta 


reticulate fenestellid meshwork carinate 
zooecia-bearing branches with inter-branch dissepiments. The 
branches relatively stout, straight slightly sinuous. Dissepiments 
thinner than the branches. Carina narrow, bearing row small, 
closely-set rounded nodes with elliptical bases. certain states 
weathering these nodes are seen broken away from the carina, 
simulate row carinal pores (cf. Text-fig. 1b). Zooecial apertures 
relatively large, pear-shaped, about their own diameter apart, usually 
five six fenestrule, with prominent peristomes bearing minute 
granules tubercles. Zooecial base-shape almost triangular (truncated 
equilateral sub-triangular 

Discussion.—Fenestella distincta Nikiforova 1938 from the Uralian 
Stage Russia has comparable mesh, but differs its rather 
thicker branches, and, more important, the much lower carinal node 
density. The zooecial base-shape, the other quadrate 
close the sub-triangular shape found polynodosa. 


Fenestella rossica Shulga-Nesterenko 1936 
Plate XXVI, fig. Text-fig. Ic. 
1936 Fenestella exigua var. rossica Shulga-Nesterenko, Akad. Nauk. 
SSSR, Poliarnaia Kommissiia Leningrad Trudy, 28, 280; 
Plate fig. Text-fig. 22. 
1944 Fenestella rossica Shulga (sic); Condra and Elias, Geol. Soc. 
Amer. spec. paper 53, 175; Plate 38, fig. 


E.5229 (Sedgwick Museum), from Lower 
Carboniferous Limestone, Tournaisian Stage, Hook Co. 
Wexford, Ireland. Flat fragment, mm., obverse 
zoarium, partly covered earthy, slightly ochreous, weathered crust 
dark-grey medium-grained compact crystalline crinoid-fragment 
limestone. 
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Micrometric formulae 


rossica 


Ulrich was based primarily the greater density carinal nodes 
the Russian example, mm., compared with the 12-13 mm. 
species. 

exigua Ulrich occurs rocks Warsaw age North America, 
corresponding the lower part the Viséan stage the European 
standard. rossica was originally recorded stages and 
the Pechora-land Middle Carboniferous, which correspond the 
European Viséan. This new record rossica the Tournaisian 
suggests that the species-group another, like the members the 
plebeia-rudis group, with wide geographic and long stratigraphic, 
range. 
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EXPLANATION PLATE XXVI 


Fic. 1.—Levifenestella maeve gen. sp. nov. holotype, SM. E.17854 10. 

Fic. 2.—Fenestella polynodosa sp. nov. holotype, SM. E.5240. Heavily 
pyritized specimen black shale matrix, 28. 

Fic. 3.—Fenestella rossica Shulga-Nesterenko, SM. E.5229. Branches left 
heavily weathered, carinal nodes absent, edge median wall 


exposed. Branches right partly embedded matrix, carinal 
nodes projecting, 22. 
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Coal Measures and Volcanism off the Fife Coast 


ABSTRACT 


Underground borings through the Lower and Middle Coal 
Measures beneath the Firth Forth have proved sequences 
rhythmically bedded volcanic detritus and thin basalt lava. The 
detritus believed have been derived from contemporaneous 
cinder cone cones previously located off-shore boring. 
The new evidence suggests that locally there was eastward shift 
focus eruption during Coal Measure times. The relationship 
volcanism this type rhythmic sedimentation discussed. 


INTRODUCTION 


THE main reserves Coal Measure seams the Balgonie, Dysart, and 
Leven Coalfield, lie beneath the Firth Forth (Knox, 1954, 81). 
They are exploited from collieries sited along the coast, the most 
northerly being Wellesley, which about miles N.E. Kirkcaldy, 
and the one mainly concerned this account. The dominant 
structure the Leven Syncline, its axis trending about mile 
off-shore from Wellesley Colliery (Text-fig. 1). Several seams have been 
worked along its landward limb, but only the Barncraig Coal has been 
exploited any extent along the seaward limb. 

off-shore boring (No. was sunk prove the Coal 
Measure succession beyond the limits undersea mining from 
Wellesley Colliery. This boring encountered unexpected and thick 
development volcanic rocks (Ewing and Francis, 1960b). Later, with 
view ascertaining the limits which these volcanic rocks extended, 
series six exploratory bores were put down from selected positions 
the workings the Barncraig seam. these, Nos. and were 
comparatively shallow and call for more than passing reference. The 
other and deeper borings (Nos. and 5), provedan abnormal sequence, 
including volcanic rocks which appear continuous with those cut 
the earlier off-shore bore. The relationship these volcanic rocks 
the sedimentary succession varies from bore bore and the present 
paper attempt assess the interaction the sedimentary and 
volcanic processes involved. 

The sites the borings referred are shown Text-fig. while 
Text-fig. reproduces graphic form the details the journals. 


VOLCANIC ROCKS 
With the exception single thin, decomposed basalt lava, the 
volcanic rocks are clastic and may subdivided into two main 
(1) pyroclastic rocks which include (a) tuffs and certain 
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finely graded tuffaceous siltstones (2) volcanic detritus representing 
ejected materials which have been re-deposited ordinary sedi- 
mentary processes. 

Tuffs and graded tuffaceous tuffs are restricted 
No. Off-Shore Bore where they are least 536 feet thick occurring 
the position Lower Coal Measure sediments. They are rudely bedded 
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1.—Sketch map showing positions Wellesley Colliery, No. 
Off-Shore Bore and underground bores beneath the Firth Forth. 


and consist accidental ejecta (comminuted sedimentary rock debris) 
and lapilli pale decomposed juvenile basalt, the proportion the 
latter decreasing towards the base they are interpreted representing 
the undisturbed the original volcanic cone. 

The tuffaceous siltstones display fine multiple grading and are 
believed have accumulated fall out from volcanic explosion clouds. 
other parts Fife such rocks occur throughout the Carboniferous 
succession and have range miles from volcanic sources 
(Francis, borings and collieries south Wellesley they 
occur several horizons within the Lower Coal Measures and near the 
top the Passage Group and appear the distant products the 
same volcanicity which gave rise the tuffs and detritus described here 
(Ewing and Francis, 1960a, pp. 18-21). the Wellesley area graded 
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2.—Comparative vertical sections Coal Measures 
temporaneous volcanic rocks off-shore and underground bores 
Colliery. 

tuffaceous siltstones occur sparsely within the Middle Coal Measures 

where they interdigitate with thin beds detritus they are 

not differentiated Text-fig. Their most constant horizon appears 

just top the first coal above the Queenslie Marine Band (or its 

estimated position) and may that the bed beneath the Bush 


4 


a 
7 


Coal” the Off-Shore Bore (Ewing and Francis, 1960b, 53) 
occupies the same position. 

Volcanic each bore, the volcanic detritus can 
subdivided into lower, thicker, rhythmic group, which takes the place 
approximately equal thickness Coal Measure sediments, and 
upper group comprising thin beds intercalated well-spaced intervals 
within otherwise normal sedimentary succession. But these sub- 
divisions occupy different parts the succession different bores and 
are thus not correlative units. Thus may seen reference 
Text-fig. that the lower, rhythmic detritus Nos. and Bores 
partly equivalent the tuff the Off-Shore Bore, while some 
the lower, rhythmic detritus the Off-Shore and No. Bores can 
equated approximately with the thinly intercalated upper subdivision 
detritus No. Bore. other words there lateral passage from 
rudely bedded coarse tuffs first rhythmic volcanic detritus, then 
interdigitations detritus and sediment, and finally normal rhythmic 
Coal Measures. 

The simulation the Coal Measure type sedimentation the 
rhythmic sequences detritus shown the following example which 
amplifies the one found No. Off-Shore Bore (Ewing and Francis, 
1960b, 54) 

Coal coaly bed 
Root bed 
Clayrock 

Coarse detritus 
Fine detritus 
Coal coaly bed. 


The coals are very thin and can seldom correlated with named 
seams the normal succession. The root beds and clayrocks are 
usually red contrast the green the coarse detritus below them 
No. Off-Shore Bore this colour difference ascribed sub-aerial 
oxidation similar lateritization. Further examination these 
sequences Nos. and bores suggests that the lateritization process 
is, some cases, responsible for the breakdown situ originally 
coarse detritus clayrock. these bores also there red and green 
mottling several the fine grained units overlying the coals coaly 
positions. least one these rocks (S. the mottling 
effected slight spread reddening from fine, haematitized layers 
adjacent coarser, green bands. The haematitized material the fine 
grained layers may perhaps represent primary red sediment derived 
from the lateritized surface the volcanic cone. 

The coarse detritus the middle the rhythmic sequences 
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usually comparable grain size that coarse sandstone, though 
may include occasional flakes shale and green altered basalt much 
mm. long. Some beds contain partings grey mudstone disturbed 
load-casting from the overlying coarse green material which 
occasionally displays very rude grading. The grading not like the 
fine multiple grading found among the tuffaceous siltstones may 
indicate some degree pulsation the degradation the cinder 
cones (p. 509). 

The thin grey beds forming the upper subdivision detritus are 
usually siltstone grade and contain flakes, flattened parallel the 
bedding, buff coloured magmatic debris which much altered, 
usually kaolin. They extend the succession high the Chemiss 
Coal. some these beds there are layers consisting mainly finely 
granular carbonate (S. 44563, 44662) which appears have replaced 
brown, isotropic, partly kaolinized glass. Kaolinization even more 
pronounced some grey-brown layers forming coal 
partings (S. 44556, 44557, 44660). These altered rocks are almost 
identical with kaolinized tuffs found lower parts the Carboniferous 
elsewhere Fife (Francis, despite the fact that the tuffs were 
originally graded while the detritus was not. The similarity caused 
partly the process kaolinization which has obscured the original 
texture. particular interest because there still controversy 
regarding the origin somewhat comparable partings kaolinized 
mudstone the Coal Measures North-West Europe 
(Scheere, 1955, pp. 

The thin beds volcanic detritus are farther removed from the 
volcanic source than the thick rhythmic sequences, but even they are 
comparatively limited range. The Queenslie Marine Band, for 
example, normal marine shale No. Bore, but its equivalent 
No. Bore contains high proportion volcanic detritus and 
unfossiliferous. 

Lava.—Basalt lava, feet thick, was cored No. Bore horizon 
calculated the equivalent the Lower Sandwell Coal. pale 
green, decomposed vesicular rock containing phenocrysts pyroxene 
and similar the basalt No. Off-Shore Bore. traversed 
veins carbonate inch thick and contains xenoliths red 
sediment the base. 


MEASURES 


Lateral Variations the Coal Measures are traced 
eastwards from the Wellesley shafts there thinning many the 
seams. the Lower Coal Measures this related the presence 
thick volcanic detritus. No. Bore, for instance, although the 
Lower Dysart and the Lower and Upper Sandwell coals seem little 
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affected, the normally very thick Dysart Main Coal comprises several 
thin ribs impure coal intercalated with volcanic detritus. No. 
Bore all these seams are absent and although several coal positions are 
indicated root beds they cannot related confidently named 
seams. the top the thick rhythmic detritus No. Bore higher 
seams about the horizon the Bowhouse Coal appear, but they, too, 
are difficult correlate with the normal succession. 

Above the horizon the Queenslie Marine Band sandstones appear 
and reach maximum thickness above and slightly off-set from the 
thickest part the volcanic succession (in the Off-Shore Bore). These 
sandstones are red purple, but are otherwise normal Coal Measure 
sandstones, being medium grained and massive with feldspathic and 
garnetiferous bands and often containing coarse pebbly basal layers. 
They contain recognizable volcanic debris. With increase the 
proportion sandstone, with one volcanic detritus, there 
associated thinning coals. Bush and adjacent seams beneath the 
Chemiss Coal, for instance, are absent the underground bores, while 
the Chemiss, Lower and Upper Coxtool and Barncraig coals are all 
thinner than usual. may seen Text-fig. the identification all 
these seams No. Off-Shore Bore has been complicated rather than 
simplified the more recent borings. Seam thinning over thick 
discussed further relation the volcanism pp. 508-509. 


SEDIMENTATION AND VOLCANISM 


No. Off-Shore Bore appears near centre eruption from 
which the other bores and shafts, disposed through arc from west 
south, are more distant. The distribution volcanic detritus within 
this arc might have been affected contemporary winds and currents, 
directed eruptive paroxysms, but the following discussion 
these factors must ignored for want evidence and assumed 
that the distribution debris around the focus of. eruption was 
symmetrical. this assumption Text-fig. drawn show Nos. 
and Bores and the Wellesley shafts successively farther away from 
that focus since this agrees with the proportion volcanic detritus 
the sequence each locality. 

the area traversed this diagrammatic section the distribution 
volcanic debris the succession likely have been controlled 
several processes, the chief these being normal regional sedimenta- 
tion, the introduction tuff volcanic eruption and local variations 
sedimentation caused the presence the volcanic pile itself. The 
relative importance these processes Wellesley inay assessed 
reference two comparable cases, one Dalry Ayrshire (Geikie, 
1897, pp. 433-435) and the other the Saline district West Fife 
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(Francis, 1961b). both localities volcanic rocks occur within 


Limestone Coal Group strata rhythmic type analagous those 


the Coal Measures, but contrast the position Wellesley, the tuffs 
and volcanic detritus these two areas are undifferentiated and are 
discussed composite bodies tuff”. Dalry (Text-fig. 4), the 
base the composite body concordant with the pre-existing bedding 
while the later sediments are banked with overlap the upper 
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horizontal section show relationship between 
sedimentary and volcanic beds Wellesley Colliery. 


surface the body. The position reversed Saline (Text-fig. 
where the top the composite body concordant with the sedi- 
mentary bedding while the base transgresses downwards towards the 
originating vent. 

The Dalry and Saline cases can explained widely differing com- 
binations the three processes mentioned above. Dalry must 
postulated that the duration volcanism was very short compared 
with that the other processes, that local sedimentation had 
adjusted only the partial erosion the cinder cone. Saline, 
the other hand, volcanism seems have continued throughout the 
time taken deposit considerable thickness normal sediment and 
the final shape the composite body this case can regarded due 
simultaneous growth and degradation the cinder-cones eruption 
and erosion respectively, the latter failing keep pace with the former 
until volcanism ceased. Then, with many modern volcanoes open 
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marine erosion, planation was relatively rapid. Thick sandstones 
around the peripheries the composite bodies are believed 
have accumulated partly shoaling and partly the infilling 
volcanic 

Features both the Dalry and Saline cases can recognized 
the one hand the possibility overlap suggested 
the distribution the main rhythmic volcanic detritus (Text-fig. 
thus the lava No. Bore may correlated with that No. 
Off-Shore Bore indicating flow over 1-in-30 slope down the flank 


UNDOUFERENTUTED TUFFS VOLCANIC DETRITUS 


4.—Entombment tuff-cone Dalry, Ayrshire (after 
1897). Rate accumulation clastic volcanic rocks very rapid 
compared with that normal cyclic sediments, hence overlap 
post-volcanic strata against slopes partly-croded cone. 


the cinder-cone and thence over the detritus fringing the volcano. 
the other hand the presence fall-out volcanic dust the form 
finely graded beds tuffaceous siltstones intercalated through some 
thickness normal Lower Coal Measures for some miles around 
suggests that volcanism continued through the time taken 
deposit those sediments moreover, Saline, the base the 
tuff-detritus body Wellesley between No. Bore and No. 
Off-Shore Bore) shows apparent downward transgression across the 
bedding towards the supposed vent and indicates progressive increase 
the area covered the base the cone least during its 
history. Although there not much evidence here, Saline, that 
the accumulation sandstone related volcanism, there is, never- 
theless notable increase the proportion sandstone the 
sedimentary succession around the periphery the volcanic rocks and 
corresponding thinning the argillaceous beds and coal seams 
they are traced over the relatively incompactable sandstones, tuffs and 
detritus. The absence poor development coal within the 
rhythmic sequence volcanic detritus may also have been caused 
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differential compaction and equally likely that growth vegetation 
was inhibited the local conditions. 

The thin beds volcanic detritus interbedded with normal sediments 
Wellesley are not recorded Dalry nor Saline, though this might 
merely reflect the inadequacy the old borers’ journals which form the 
bulk the available data those two localities. The distribution 
such beds Wellesley suggests marked pulsation either eruption 
the erosion-deposition cycle both. Those beneath the Bowhouse 
Coal No. Bore appear the more distant equivalents the 
rhythmic detritus and tuffs No. Bore and No. Off-Shore Bore 


5.—Entombment tuff-cone Saline, Fife. The growth the 
volcano keeps pace with sedimentation and but extinc- 
tion there rapid planation the cone; hence the apparent 
transgression and concordance base and top respectively the 
body volcanic rocks. 


respectively. What remains uncertain the source more than 200 
feet detritus above the tuffs No. Off-Shore Bore and 
the thin volcanic detritus still higher stratigraphic levels all 
the bores. assumed that these beds were derived from higher 
levels the same tuff-pile and have been banked with overlap 
against its lower slopes, then the pile must have been originally more 
than 1,000 feet high and have been centred well the even 
south-east No. Off-Shore Bore. Because there are layers among the 
detritus which appear freshly pyroclastic alternative explana- 
tion preferred. This assumes that the off-shore bore located near 
vent where activity ceased after the eruption the lava, and that there 


was later activity located centres farther beneath the Firth 
Forth. 
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The Preparation Thin Sections Clays 


ABSTRACT 


Methods impregnating clays with the cement Lakeside 70C and 
two resins the Araldite range are described and some details the 
techniques mounting and grinding specimens are included. 


INTRODUCTION 


impregnation and thin-sectioning various types friable rock, 
soil, etc., have been described many authors, whose methods and 
materials have varied considerably. Among the numerous natural and 
synthetic resins recommended impregnating media are the following 
Canada Balsam (A. Johannsen, 1918; Holmes, 1921; 
Keyes, 1925; van Straaten, 1954; Debyser, 1957), 
Bakelite resins (W. Ahrens and Weyland, 1928 Exley, 
Hepple and Burges, 1956; Taylor, 1960), Santolite 
M.H.P. resin (J. Fowler and Shirley, 1947), Marco resin (F. 
Alexander and Jackson, 1954 and 1955), Dammar gum (J. 
Dalrymple, 1957), Parraffin Wax (H. Goemann, 1937), Castolite 
(K. Emery and Stevenson, 1950), Polymethyl metacrylate 
(T. Hagerman and Nystrém, 1952), Kollolith (C. Ross, 1926), 
Celluloid (A. Schwarz, 1929), and Dental cement (V. Silberminz, 
1923). Other types synthetic resins, which set irreversibly under the 
action catalyst, have been suggested Hallimond (1924 and 
1925}, Ross (1924), Scott Russell (1927), Schaffer and 
Hirst (1930), Day (1949), and Ingerson and Ramisch 
(1954). more recent method described Rowland and 
Lewis (1954) and Dalrymple (1957) involves the use the 
cement Lakeside 70C dissolved organic reagents such ethanol 
xylene. 

Comparatively few writers, however, have described the impregna- 
tion clays, silts, which present particular problem that 
many the resins noted above for use with coarse sediments are too 
viscous penetrate the relatively small pore-spaces finer materials. 
Weatherhead (1954) described the use pyroxylin peeling off 
very thin surface-layer from dried clay block, but the difficulties 
preparing perfectly smooth surface dry-grinding prior the 
application pyroxylin prove insurmountable with poorly-sorted 
sediments such glacial tills. Moreover, the microfabric the 
sediment investigated, such method little use, since the 
dry-grinding inevitably re-orientates the particles the surface layer. 
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The method involving use solution Lakeside cement has 
afforded considerable success the impregnation certain types 
clayey material. The cement crushed fine powder and dissolved 
alcohol gentle warming. The specimen impregnated cut 
size while still moist and then slowly dried room temperature 
order avoid the formation shrinkage cracks then heated 
thoroughly hotplate and immediately immersed xylene. this 
stage effervescence takes place the xylene replaces air enclosed the 
specimen when this has finished the clay transferred the hot 
alcoholic solution and left airtight container for several days. The 
alcohol then evaporated off warming gently oven until the 
residual Lakeside becomes completely hard cooling. usually 
necessary dilute the cement with least eight parts volume 
solvent order reduce its viscosity level permitting total 
impregnation. 


Synthetic resins the Araldite range, manufactured the Swiss 
firm have recently been utilized Germany impregnating 
media (H. Reineck, 1958). Unusual success the thin-sectioning 
many types fine-grained sediment has been achieved using two 
such resins (MY 750 and 212) the manner described below. 

The resin mixtures are prepared follows 


(A) 

(B) 

either 


The addition Plasticiser 041 mixture increases the 
resistance the cured resin thermal shock, but also lowers its 
melting point. The viscosity both mixtures can reduced 
sufficiently low level the addition parts volume 
acetone. The clay samples, after being cut, dried, heated and immersed 
xylene, are placed with either mixture containers shape which 
allows them remain submerged after evaporation the acetone. 
Three- four-inch specimen-tubes have proved suitable for clay 
blocks size: in. in. in.; these can kept tightly 
corked while standing prevent loss acetone. Polythene containers 
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are preferable glass since the cured resin can readily removed from 
them. order effect complete penetration the samples the 
solution, period six seven days should elapse during this time 
the presence acetone prevents hardening the mixture, but soon 
has been evaporated the curing process begins. Gentle evaporation 
very important since boiling can easily cause disintegration the 
sample. Hardening the resin then carried out immediately 
heating 120° for few hours Hardener 992 used with 
resin 212 considerably longer curing time essential. 

When fully cured the resin can easily cut with diamond saw. 
The excess resin surrounding the clay slice broken away before 
mounting, order prevent the latter separating from the glass base, 
owing unequal expansion resin and mounting medium. Specimens 
impregnated with 212 may mounted Lakeside, but those 
impregnated with 750 need mounted Canada Balsam, since 
the melting poiat cured 750 lower than that Lakeside. For 
this reason the resin 212 generally preferable 750; its 
melting point extremely high and there thus little danger the 
slice splitting under the influence heat any stage the process. 
Both resins are amber-coloured and completely transparent thin 
section their refractive indices are rather higher than those Lake- 
side Canada Balsam (e.g., cured 212 1-579 app.). 

The procedure grinding can then carried out for other rock 
types, until the final stages are reached, when advisable use very 
fine abrasive. important take extreme care during this process. 
Metal polishes such used smooth glass plate have 
proved very useful finally reducing the slice the usual thickness 
microns. 

Araldite Resins are obtainable from (A.R.L.), Ltd., 
Duxford, Cambridgeshire instruction leaflets giving details mixing, 
curing times, physical properties, etc., are issued with them. 
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Stratigraphy the Skiddaw Group between 
Buttermere and Mungrisdale, Cumberland 


JACKSON 


ABSTRACT 


The Skiddaw Group between Buttermere and Troutbeck 
approximately 6,000 feet thick and can subdivided into four 
formations which ascending order are: Beck Slates 
Loweswater Flags Stile Slates Latterbarrow Sand- 
stone. The coarser clastics exhibit most the characteristics sedi- 
ments deposited turbidity currents. The source these deposits 
thought lie the south. The occurrence contemporaneous 
vulcanism the Loweswater Flags Watch Hill has been con- 
firmed. Tourmaline and andalusite are recorded for the first time 
from the metamorphic aureole east Water. 


INTRODUCTION 


area under discussion lies astride the axis the Lake District 
Lower Palaeozoic anticlinorium and contains the Skiddaw Group 
which outcrops between the Lorton-Buttermere and the village 
Mungrisdale, Cumberland (see Text-fig. 3). bounded the 
northwest the unconformable Carboniferous strata the north- 
east and south the boundary formed either the Borrowdale 
Volcanics, against which the slates are either conformable faulted, 
igneous intrusions which have been injected along the junction 
the two groups. lies within the area mapped Ward (1876) 
and overlaps that mapped Rose (in Hollingworth 1955). 
However, the Old Series, hand-coloured, geological map 
hachured topography still the only official map available for 
the district. 

The present investigation was undertaken obtain better under- 
standing the structure, stratigraphy, and the nature and distribution 
the graptolite zones. The latter part the study will receive more 
detailed treatment future publication. 

The writer wishes express his gratitude for received during the 
progress this work the Cumberland Education Committee and 
the Grants Committee King’s College, University Durham for 
generous financial assistance Professor Westoll for invaluable 
advice and discussion during all stages the work Professor 
Bulman for advice and assistance during the visit 
the Sedgwick Museum Dr. Walton for his critical reading 
the manuscript. 


Previous work this area has been reviewed Hollingworth (1955) 
and all that need added reference the work Rose 
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(op. cit., pp. 403-406) the structure and stratigraphy the Skiddaw 
Group between Keswick and Buttermere. this paper Rose expressed 
the opinion that the Blake Fell Mudstones Dixon (in Eastwood 
al., 1931, 25) were thermally metamorphosed Stile 
Slates. Thus the stratigraphical succession this area was simplified 
lower arenaceous formation (Loweswater Flags) and upper 
argillaceous formation Slates). The thickness 
these two units was given 4,000 feet and 2,000 feet respectively. 
The development stratigraphical nomenclature the Skiddaw 
Group from 1876 the present time summarized Table 


STRATIGRAPHY 


modern stratigraphic nomenclatorial procedure the term series 
carries time connotation and therefore improper use 
connection with the Skiddaw which rock-stratigraphic 
unit. The Skiddaw comprised four cartographically 
distinguishable rock units (lithological groups earlier workers) with 
formation status, therefore this rock unit has the rank group and 
referred the Skiddaw Group. (See Articles and 30d the Code 
Stratigraphic Nomenclature. Bull. Amer. Assoc. Petroleum Geol. 45, 
no. 645-665, 1961.) 

The term Skiddaw Group refers all those mudstones, siltstones, 
sandstones, and grits which form greywacke suite that seen under- 
lie the Borrowdale Volcanics. The base the Skiddaw Group 
not exposed and its thickness probably excess 6,000 feet. 


Within the area study the Skiddaw Group can divided into the 
formations shown below. 


Thickness. 

Borrowdale Volcanics contact probably con- 

Latterbarrow Sandstone contact not 150 feet seen 
Mosser-Kirk Stile Slates conformable con- 

Loweswater Flags conformable contact 3,000 feet approx. 
Hope Beck Slates base not seen 250 feet seen 


Owing the lack good continuous sections, marker beds, sharp 
stratigraphical boundaries, and the presence much folding and 
faulting, calculated thicknesses can only approximate. 

The stratigraphical scheme adopted above differs from that Rose 
(op. cit., 403) the erection new formation, the Hope Beck 
Slates, embrace the slates which underlie the Loweswater Flags and 
which are telieved the lowermost beds the Skiddaw Group now 
exposed. The use the term Latterbarrow Sandstone for the sand- 
stone described Officers the Geological Survey (Smith 1927, 
53) gill south Redmain, Cockermouth, continued. 
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(a) Hope Beck Slates 


The type locality for this formation Hope Beck which lies miles 
S.S.E. Lorton (168-239)'. The formation consists blue-black 
and blue-grey, striped, silty mudstones with occasional bed 
current-bedded siltstone. The base the formation has not been 
observed. The Hope Beck Slates grade upwards into the conformably 
overlying Loweswater Flags and consequently the boundary between 
the two arbitrary and difficult define. After some hesitation, the 
writer used the presence arenites inches more thickness, the 
criterion for separating the two formations. The boundary defined 
located the east side Dodd about 1,100 feet O.D. and 
900 feet O.D. the west side (166-231). The estimated thickness 
Hope Beck Slates exposed the eastern slopes Dodd the order 
250 feet. 

The Hope Beck Slates cropping out Hope Beck probably form 
continuous outcrop round the north and west flanks Dodd far 
Cold Gill Beck where they are well exposed between 600 feet O.D. and 
1,000 feet O.D. The formation can traced north-eastwards from 
Hope Beck Scaw Gill via High Swinside Farm. Scaw Gill there 
good section the slates exposed Whit Beck about 100 yards south 
Scaw Gill Bridge (178-256). the north Scaw Gill Bridge the 
Hope Beck Slates are faulted against Loweswater Flags. Along the 
north bank Aiken Beck between Scaw Gill Bridge and the N.W.-S.E. 
trending fault near Spout Force (179 -258) the rocks which crop out are 
regarded the writer transitional between Hope Beck Slates and 
Loweswater Flags. 

date these slates have proved unfossiliferous and where their 
relationship the overlying Loweswater Flags uncertain owing 
poor exposure, folding, faulting, they cannot distinguished with 
certainty from unfossiliferous Stile Slates. Such the 
case the poorly exposed country south Bewaldeth and the 
structurally complex terrain east Buttermere. 


(b) Loweswater Flags 


Loweswater Flags the name Dixon (in Eastwood al., 1931, 26) 
gave thick series alternating grey flaggy sandstones and grey 
greenish slates, with occasional grit fine which 
outcropped between Keltonfell Top, north Ennerdale, and Lowes- 
water. now generally believed the grounds lithological and 
positional similarity (in Hollingworth 1955, 390) that the 
Watch Hill Grits well the Skiddaw Grits are correlatives the 
Loweswater Flags. However, palaeontological proof still lacking and 


Localities are quoted National Grid references. 


6 Inches 


Sequence sedimentary structures greywacke Scaw 
Gill; convolute- and current-bedding Goat Crags, 
Buttermere pocket conglomerate top lava Watch Hill. 


the possibility that these grits are older than the Loweswater Flags 
cannot ruled out. 

The boundary this formation with the overlying Stile 
Slates gradational and arbitrarily defined. The point which the 
arenites decrease thickness less than inches taken marking 
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the boundary. The Loweswater Flags form greywacke suite comprising 
shales, siltstones, sandstones, grits and conglomerates. The arenites 
range thickness from fraction inch several feet with 
inches most common. The sandstone shale ratio individual 
exposures was found vary between 1:4 and 4:1 with 1:3 most 
common. 

The thickness this formation was estimated Dixon (in Eastwood 
al., 1931, 26) least 1,200 feet Burnbank Fell and 
Rose (op. cit., 403) excess 4,000 feet the 
Buttermere area. Unfortunately, not known how these workers 
defined the upper boundary this lithological unit. The writer, 
using the above criterion, has calculated thickness about 3,000 
feet Loweswater Flags between Whinlatter and Grisedale Pike. 


Small-scale sedimentary structures. 


Small-scale sedimentary structures found the greywacke beds 
this formation (see Text-fig. are typical sediments alleged have 
been deposited turbidity currents. They include flute-casts and load- 
casts the undersides the beds, and current-bedding, convolute- 
bedding, and graded-bedding within the arenite beds. These structures 
proved invaluable determining the beds. arenites 
over inches thickness these sedimentary structures commonly occur 
definite sequence which ascending order follows 

Surface erosion cut the underlying shale. 

Load-casts the underside the arenite. 

Graded, unlaminated material the basal part the arenite. 

Parallel, horizontal laminae with without current-bedding 
grading upwards into 

Convolute-bedding which may grade upwards into 
separated from surface erosion. 

Undisturbed current-bedded silt built level surface. 

Mudstone overlying conformably. 


Many variations this sequence can found and features and 
are often absent. Similar sequences associated features have been 
described from well-known marine deposits elsewhere, e.g. Martins- 
burg Slates (Van Houten, 1954, 815) and Aberystwyth Grits (Wood 
and Smith, 1959, pp. 

Flute-casts Crowell (1955, 1359) are the most common sedi- 
mentary structures occurring the base the greywacke beds. They 
are sand filled flutings which have been cut into the top surface the 
underlying mud layer. The up-current end the structure steep. 
They have length-breadth ratio about and vary length from 
centimetres. total number ninety-six flute-casts seven 
bedding planes were observed three localities the Loweswater 
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Flags, viz., Scawgill (177 -258), Gasgale Gill and Mungrisdale 
(362-307). These measurements were rotated about the strike with the 
aid stereographic net arrive their original orientation. The 
flute-casts have preferred orientation trending 
(Text-fig. and the steep end invariably directed southwards 
indicating currents flowing from that direction. 

Load-casts, groove-casts, and bounce-casts were observed the 
Loweswater Flags but they were rare. Load-casts were seen Elva 
Hill (172-320) groove-casts were seen Gasgale Gill where they 
were recorded with N.-S. elongation and bounce-casts were 
observed loose blocks greywacke quarries Scaw Gill. 

Convolute-bedding very conspicuous many greywacke beds which 
are more than inches thickness. The laminae within each bed are 
intricately crumpled internal deformation which many instances 
involves flowage the crests the convolutions. The convolutions 
grade downwards into subparallel horizontal and may pass 
transitionally upwards into current-bedded silts may show evidence 
erosion prior deposition overlying silts. The convolutions are 
often characterized broad synclinal troughs and tight asymmetric 
anticlines Although the direction elongation these structures 
was not determined during field work the asymmetry the convolutions 
showed preference for their axial plane dip southward suggesting 
that they were formed dragging effect resulting from the over- 
riding subsequent turbidity currents flowing northward direction. 
Such origin has been suggested Prentice (in Wood and Smith, 
1959, 192) for similar structures the Aberystwyth Grits Wales. 

Observations made minor sedimentary structures 
Loweswater Flags suggests that these greywackes were deposited 
geosynclinal basin turbidity currents. These currents appear 
have flowed predominantly from S.S.W. N.N.E. indicated 
flute-casts (see Text-fig. 2), convolute-bedding, the thinning grey- 
wacke beds and the decrease size and frequency these sedimentary 
structures northward direction. 

recent years many workers geosynclinal deposits have related 
palaeocurrent directions tectonic lineaments and worthy note 
that the flute-casts are aligned parallel the tectonic axes 
intra-Ordovician folds which have been mapped Hartley (1925 
1932) and Mitchell (1929 1934) the Borrowdale Volcanics south- 
east the area study. might inferred from this parallelism 
that the Loweswater Flags were deposited currents flowing N.N.E. 
along the axis trough which was approximately parallel the 
pre-Bala fold direction. This hypothesis attractive when viewed 
the light findings Haaf, 1957 Wood and Smith, and 
Knill, 1960. 
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Grain size the greywackes varies from siltstone conglomerate. 
The clastics contain pebbles sandstone, siltstone, shale (probably 
derived locally), chert, orthoquartzite, granite, granophyre, quartz- 
porphyry, rhyolite, brown andesitic glass, low-grade hornfels and 
gneissose and schistose rocks. 


recout 
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2.—Histogram showing azimuthal variation 
Loweswater Flags based ninety-six readings from three localities. 


Heavy mineral separations yielded purple, brown, and colourless 


zircon, brown tourmaline, pale pink, and colourless almandite garnet 
and orange-brown rutile. 


Generally speaking the greywackes are indurated with clay 


paste matrix which has undergone alteration mixture 
chlorite and sericite. 


Fauna.—The following graptolite fauna has been collected from the 
Loweswater Flags 


Adelograptus divergens and Wood) 
Bryograptus kjerulfi Lapworth 
var. cumbrensis (Elles) 
Bryograptus sp. 
Clonograptus sp. 
Holograptus deani Lapworth MS. Elles and Wood 
Trochograptus diffusus Holm 
Dichograptus octobrachiatus 
Tetragraptus pendens Elles 
quadribrachiatus (Hall) 


serra (Brongniart) 


Recorded Elles and Wood. 
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Didymograptus cf. deflexus and Wood 
deflexus var. 
extensus (Hall) 
extensus-nitidus 
cf. nicholsoni Lapworth 
nitidus (Hall) 
nitidus-hirundo 
aff. protobalticus Monsen 
cf. protobifidus 
Azygograptus eivionicus Elles 
hicksi (Hopkinson) 
lapworthi Nicholson 
gibberulus (Nicholson) 
Phyllograptus angustifolius Hall 
anna Hall 
Glyptograptus dentatus 

Zonal position.—The basal portion the Loweswater Flags contains 
the lowest stratigraphic occurrence graptolites the Skiddaw Group. 
marked the first appearance Didymograptus extensus, cf. 
deflexus, aff. protobalticus and cf. nicholsoni and represents the 
subzone deflexus the zone extensus. The upper part 
the Loweswater Flags contains abundance angusti- 
folius, Azygograptus eivionicus and Didymograptus extensus-nitidus- 
hirundo which are characteristic the subzone nitidus. 
The Loweswater Flags therefore considered lie within the zone 
extensus. 

only record vulcanicity the 
Skiddaw Group lies the Loweswater Flags (Watch Hill Grits) 
1,050 yards west the summit Watch Hill (149-317) where felsite 
lava flow well exposed disused quarry. The lava flow attains 
maximum thickness feet and outcrops for about 400 yards. The 
rock consists pinkish-grey, micro-crystalline felsite with well 
developed columnar jointing. two localities west the old quarry 
(148-317), pockets locally derived sandstone conglomerate can 
found the upper surface the lava flow (see Text-fig. 


(c) Stile Slates. 

The Stile Slates comprised blue-grey blue-black 
striped silty mudstones which tend become darker the uppermost 
beds. The name Kirk Stile Slates appears have originated 1876 
when Ward referred the lowermost lithological unit the Skiddaw 
Group between Loweswater and Crummock the Dark Slates 
Kirk Dixon (1925, 70) again recognized these dark slates 
between Lower Ennerdale and Loweswater and referred them the 
Kirk Stile Slates which regarded that time being older than the 
Loweswater Flags. this same area Dixon identified another slate unit 
the vicinity Mosser which believed overlie the Loweswater 


beds transitional between Loweswater Flags and 
Stile Slates. 
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Flags and called them the Mosser Striped Slates. However, became 
obvious from the graptolites collected from these rocks that they were 
correlative least part and thus Rose (op. cit., 405) referred 

The boundary this formation with that the underlying Lowes- 
water Flags gradational and can traced along strike between 
Thornthwaite and Whiteside. The boundary arbitrarily drawn where 
the arenites decrease less than inches thickness. 

With the exception the Redmain area where even higher unit 
the Skiddaw Group exists, the upper boundary the 
Stile Slates formed the overlying Borrowdale Volcanics. 
Wherever the contact between the slates and the volcanics exposed and 
not tectonically disturbed the relationship apparently conformable. 
This can seen old quarry mile west Overwater (237 

The thickness the formation difficult estimate owing the lack 
continuous and complete section, but and Souther 
Fell least 2,500 feet Stile Slates exposed. 

The presence disconformities within the Stile Slates 
probable view the occurrence mudstone breccias within the 
formation 300 yards east the summit Outerside about 1,500 
O.D. (213-214). 


Fauna.—The graptolite fauna the Stile Slates 
includes the following 


Tetragraptus bigsbyi (Hall) 
headi (Hall) 
quadribrachiatus (Hall) 
serra (Brongniart) 
Didymograptus cf. acutidens Lapworth MS. Elles and Wood 
affinis Nicholson 
extensus (Hall) 
extensus-nitidus 
hirundo Salter 
cf. nicholsoni Lapworth 
var. planus Elles and Wood 
(Hall) 
simulans, Elles and Wood 
uniformis Elles and Wood 
var. volucer Nicholson 
cf. protobifidus Elles 
Isograptus gibberulus (Nicholson) 
Azygograptus eivionicus Elles 
Phyllograptus anna Hall 
angustifolius Hall 
cf. typus Hall 
Cryptograptus antennarius (Hall) 
hopkinsoni (Nicholson) 
Glossograptus sp. 
Glyptograptus dentatus (Brongniart) 
var. appendiculatus Térnquist MS. Elles and Wood 
Trigonograptus ensiformis (Hall) 


Recorded Elles and Wood, 1901-18. 
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Zonal position.—The lower part the Stile Slates 
contains the first appearance gibberulus and abundance 
Glyptograptus dentatus and represents the subzone gibberulus 
the zone extensus. The upper part these slates characterized 
the incoming Cryptograptus antennarius, Trigonograptus ensiformis 
and Didymograptus hirundo and marks the zone hirundo. 


(d) Latterbarrow Sandstone 


stream south Redmain (137-335) there exposed 150 feet 
fine-grained, dark grey, flaggy sandstone which, unlike the Loweswater 
Flags, does not contain shale interbeds. The beds dip northwards but 
their relationship the Stile Slates the south and the 
Borrowdale the north obscured glacial drift and 
unconformably overlying Carboniferous strata respectively. Eastwood 
(in Smith 1927, 53) considered this sandstone the equiva- 
lent the Latterbarrow found Kinniside Common south 
Ennerdale and generally believed the uppermost part the 
Skiddaw Group that area. This correlation based only litho- 
logical and general positional similarity. The formation does not occur 
east Redmain and the beds which are homotaxially equivalent are not 
known. 


Thermal metamorphism between Braithwaite and Crummock Water 


The existence extensive thermo-metamorphic aureole this 
area was first made known Dixon (in Eastwood al., 1931, 39). 
Subsequently Rastall (1938-41, 336) and Rose (op. cit., 405) 
recognized also. 

The aureole elongate outline trending E.-W. from Grasmoor 
least far Barrow and seen affect the Loweswater Flags and 
Stile Slates. The northern boundary runs from the 
north end Crummock Water eastwards across Gasgale Gill 
(171-212), Coledale Hause (189-213), Force Crag (197-215) Outer- 
side (211-215) and Stoneycroft Gill where probably 
faulted out trending fault. The southern boundary the 
aureole between Causey Pike and Whiteless Pike thrust fault, but 
the boundary appears unfaulted between Whiteless Pike and Low 
Bank. underground extension the aureole south the thrust 
indicated patches metamorphism Rigg Beck (212-203), 
northern tributary Sail Beck (183-185) and Third Gill (184-189). 

The Loweswater Flags Gasgale Gill (163 shows little outward 
sign change however, thin sections show that the quartz clastics 
have been recrystallized and the original clay matrix the greywackes 
has been converted chloritoid mineral. 

The Stile Slates have become bleached, silicified, iron 
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stained and spotted. Quartz veining common and often contains 
needles brownish green tourmaline. Spotting apparently caused 
small knots andalusite about 0-05 mm. diameter and segrega- 
tions black opaque dust. Towards the centre the aureole re- 
crystallization very marked though the original bedding never 
destroyed. Here, andalusite 0-8 mm. diameter are 
embedded groundmass sericite and recrystallized quartz. 


The metamorphism affects thickness 2,000 feet strata yet 
nowhere does the intrusive body responsible for this metamorphism 
reach the surface. Dixon (in Eastwood 1931, 39) has suggested 
that the presence tourmaline the altered rocks the 
Ennerdale area points underground extension either the 
Eskdale Skiddaw Granite since both these bear tourmaline whilst 
the Ennerdale Granophyre does not. 
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CORRESPONDENCE 


DEVONIAN AND CARBONIFEROUS STRATIGRAPHY 
CORNWALL 


stratigraphical comparison between Tintagel and Launceston 
which has recently been presented Dr. Selwood (1961) feel could 
extended, with fair degree confidence, far the western margin the 
Dartmoor granite. Here the Lydford area, for example, although beds 
Gattendorfia Zone age have not yet been identified faunally, the Transition 
Series (Dearman and Butcher, 1959; House, 1959) comprising slates with 
silty and calcareous beds have afiorded evidence the 
Platyclymenia, Clymenia, and possibly also the Wocklumeria Zones. Between 
these beds and the Lower Culm cherts there are nearly 400 feet black shale 
and silty shale with subordinate lenticles and thin beds white siltstone. 

This unity also reflected certain aspects the structures. will 
recalled that Dr. Gilbert Wilson was the first confronted Boscastle 
with the possibility northerly dipping beds inverted succession when, 
discussing zigzag folding the Culm beds that place, concluded that 
The orientation these folds relation the dip the bedding suggests 
inversion (1951, 399). His dilemma, the absence other 
criteria way-up, has now been Dr. discoveries. 

The structural implications northerly dipping inverted beds the southern 
margin the mid-Devon outcrop the Culm Measures are 


(i) The beds may form the upper limb syncline closing the north. 
this then the fold form essentially recumbent and youngs the 
south. Possible attitudes for the lower limb vary from gentle southerly 
inclination, through the horizontal, slight northerly dip. 

(ii) The thrusts may regarded simply post-folding localized 
concentrated continuations the bedding-plane slip movements necessary 
permit the generation the recumbent fold. 

(iii) Recognition the other bedding attitude—southerly dipping and 
right way up—may possible. Alternatively these beds may have been 
effectively readily recognizable entities, the rotational effect 
penetrative shear movements parallel the main thrusts. 

(iv) follows, view the distribution the Culm Measures whole, 
that the major structure along the southern margin the Culm outcrop 
anticlinal fold possibly overturned the south suggested Ashwin (1958) 
and Shearman (in discussion Dearman and Butcher, 1959, 90). The 
recumbent fold postulated above lies the southern limb this major 
anticline, and may one pile such folds. The northerly down-dip sense 
translation the thrust-bounded masses not incompatible with such 
major structure overturned the south, that with much larger-scale 
structure having southerly sense translation. 

would presumptuous attempt re-interpretation the structures, 
but the sections given Dewey (1948, Fig. and Wilson (1951, 
Fig. show variations bedding attitude which would fit with the 
picture sliced-up recumbent folds. The apparently uncomplicated 
Sections A-B and C-D Dewey and Sections and are 
particularly suggestive this respect, the more the correlation 
Batstone (1959) the Tredorn Phyllites with the Woolgarden 
accepted and further admitted that boundaries between lithological units 
may thrust faults. 

Northerly dipping inverted strata are well known other places along the 
southern margin the Culm measures. One convincing example may 
examined Red Down Quarry south Egloskerry where 
thin bed graded tuff shows conclusively that the northerly dipping Culm 
cherts are inverted. Interpretation the structures along the north-west 
margin the Dartmoor granite Dearman and Butcher (1959, Fig. 13) 
involves the deformation, bedding-plane controlled low-angle normal 
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faulting pile angular recumbent folds. the area there sufficient 
evidence based sedimentary structures indicate that the northerly dipping 
beds are inverted. Away from the granite the folds are recumbent. The 
bedding-plane guided faults are similar all respects, except exposure, the 
Tintagel thrusts, and, along the Dartmoor boundary just Tintagel, 
northerly translations are thought predominant. 
DEPARTMENT GEOLOGY, 
COLLEGE, 
NEWCASTLE-UPON-TYNE, 
July, 1961. 
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FIELD RELATIONS ROCKS CONTAINING CO-EXISTING 
PYROXENES. 


the recent discussion the Geological Magazine concerning 
co-existing pyroxenes metamorphic rocks, which has revealed differences 
opinion the significance compositional tie-line position, there has been 
tendency use mineral analyses without regard either the immediate 
environment the mineral within the rock the field relations the 
rock whole. 

Since five the rocks referred variously Muir and Tilley (1958), 
(1960), and Kretz (1961) come from Scourie, our field investigations 
that area (Bowes, Wright, and press) are relevant. These have 
shown that the pyroxenites and peridotites described banded ultrabasic 
rocks the North-West Highlands Memoir (Peach 1907) are layered 
ultrabasic igneous intrusive rocks. They are found many localities the 
Scourie area and their prominent mineralogical banding unrelated to, and 
later than, the banding the surrounding gneisses. series similar 
intrusions has been studied the Lewisian foreland from Loch Laxford 
Loch Torridon and their distribution bears relation variations 
metamorphic grade. 

This field evidence satisfactorily explains the presence Scourie the 
large olivine-contaiing masses regarded (1961) granulite facies 
gneisses. invalidates any conclusions about metamorphic pyroxenes using 
these rocks examples and appears resolve the anomalous value 
(Kretz, op. cit.) for the pyroxenite from Scourie (Muir and Tilley, op. cit., 
specimen O’Hara, 1960, specimen 7). the absence accurate published 
details locality, field relations and rock type, are unable state with 
certainty that the rock from Scourie containing the anomalous analysed 
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from one the igneous bodies which have mapped, but there 
appear other rock types the area which the published descriptions 
could apply. 

The geological environments the other two rocks also seem 
provide the key their interpretation. appears likely that the Olivine- 
bearing pyroxene granulite, Eilean Carrach, Ardnamurchan, Scotland” 
(Muir and Tilley, op. cit., specimen thermally metamorphosed xenolith 
from the Hypersthene Gabbro Centre Although Richey and Thomas 
(1930, pp. termed these rocks basic granulites, they imply that all these 
xenoliths were pyroxene-bearing igneous rocks. Similarly, the geological 
environment the Metamorphosed picrite basalt, ejected block, 
(Muir and Tilley, cit., specimen such that igneous conditions were 
dominant during its history. 

can concluded that the geological setting the three 
supposedly metamorphic rocks which have values characteristic 
igneous rocks (Kretz, op. cit.) such that minerals characteristic igneous 
rocks will found. the case the rock from Scourie the pyroxenes are 
unaltered igneous pyroxenes, whereas the rocks from Ardnamurchan and 
Kilauea, seems likely that the pyroxenes are relict igneous pyroxenes 
igneous pyroxenes reconstituted igneous temperatures. 
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CO-EXISTING PYROXENES 


recent issue this magazine Dr. Brown made revalua- 
tion the existing data tie-line orientation for co-existing pyroxenes 
igneous assemblages. was concluded that precise point intersection, 
close does not exist, and that, even given such point 
hypothetically, its precise significance could not easily explained. 
arriving this conclusion Dr. Brown used twelve analysed igneous pyroxene 
pairs. These included both and pigeonite-augite pairs, 
and were taken from six different igneous bodies. 

While agreeing with Dr. Brown’s general conclusions, the writer considers 
that the tie-lines reflect the distribution Ca, Mg, and between two 
co-existing phases unreasonable include the two different types 
pairs, orthopyroxene and pigeonite have differing crystal structures; 
furthermore the examples selected Dr. Brown are from magmas cooled 
under differing conditions, and which there may have been slight but 
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significant initial differences composition which could affect element 
distribution between co-existing pyroxenes (De Vore, 1957) and hence affect 
the tie-line orientation. Kretz (1961), the other hand, has concluded that 
variation small amounts Cr, Mn, etc., have little effect the 
distribution and and that the pressure dependence the distribu- 
very small indeed, temperature dependence being the most significant 
actor. 

Only one intrusion, that Skaergaard, have sufficient pigeonite-augite 
pairs been analysed show their definite relationship single magma 
cooling with strong fractionation. Brown (1957) has published three analysed 
pairs taken from Skaergaard. One these pairs (4385A) 
was separated the writer who also analysed pigeonite-augite pairs from 
two further specimens closely comparable with 4385A. These later analyses, 
unpublished, prove very similar the pair from 4385A but are included 
here for the sake completeness (Table and Text-fig. 1). When the tie-lines 


TABLE 
Al,O; 2-04 2-46 1-55 
1-25 1-11 1-88 
FeO 11-35 21-60 10-75 22-68 
MgO 14-23 20-42 14-36 19-78 
CaO 18-10 3-95 18-12 3-11 
TOTAL 100-48 99-96 99-81 


and augite and inverted pigeonite, specimen 4381. 
and augite and inverted pigeonite, specimen 4389. 


The somewhat low content analysis probably due the 
coarseness the intergrowth the inverted pigeonite, some the inter- 
grown augite having been separated from its orthopyroxene host during 
purification the concentrates. 


for all the Skaergaard pairs are projected seen that they intersect 
scatter which very close the point For the Skaergaard 
pyroxenes the trend-line augite co-existing with pigeonite straight line 
which passes close tc, but slightly the side of, the corner the 
triangle; that there slight bias favour replacement the 
over the Fe, and this bias remains constant during fractionation. The 
trend line the pigeonite likewise linear, but constant content 
indicates that only Mg, and not Ca, replaced Fe. Since the trends 
co-existing augite and pigeonite are straight lines possible (see Appendix) 
demonstrate that the condition which must hold for the tie-lines meet 
point that the curve variation iron content the augite versus 
iron content the pigeonite one family rectangular 
the shape the distribution curve will vary according the location the 
point intersection the tie-lines. relevant here consider the work 
Ramberg and Vore 1951) relating the distribution element 
between co-existing mineral pairs. Assuming that olivine and hypersthene 
are ideal mixtures, Ramberg and Vore developed the following equation 
relate the atomic ratio magnesium the two minerals: 
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Xnyp Xo 
Fe,SiO, Because constant constant temperature and 
pressure this equation may written: 


= constant 


this equation satisfied then the distribution curve versus 
will rectangular hyperbola (see also Kretz, 1961, 369). Also 
the distribution curve may expected shift with change temperature. 

similar reasoning follows that the augite and pigeonite series were 
ideal mixtures and consider the distribution iron constant 


1.—Tie-lines joining five analysed augite-pigeonite pairs the 
Skaergaard intrusion. The trend lines co-existing augite and 
are projected the join, disregarding the low 
content one the pigeonite analyses. ferrous iron alone 
and does not include ferric iron manganese. 


temperature and pressure, then the distribution curve Feaug versus Fepig 
will rectangular hyperbola. This the special case considered Kretz 
(1961), which the distribution coefficient iron will remain very nearly 
constant owing the ratio both the augite and pigeonite remaining 
approximately constant over the range crystallization considered. The 
family rectangular hyperbolas required the equation Ramberg and 
Vore included the distribution curves which must followed iron 
co-existing augite and pigeonite the tie-lines for those two minerals are 
meet point the side the triangular diagram. However, 
are considering augite and pigeonite pairs co-existing fractionation takes 


Xnyp 1- Xo 
— Xnyp 2 
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place with declining temperature (pressure may reasonably assumed 
constant). Wager (1960) has made the point that the fractional crystalliza- 
tion the Skaergaard magma per cent the magma was crystallized over 
temperature range only about That the Skaergaard tie-lines for 
augite-pigeonite pairs do, close approximation, meet point would 
seem indicate that the range crystallization considered took place over 
limited range temperature which did not effect significant shift the 
distribution curve, and also that the augite and pigeonite series approximate 
ideal mixtures. 

possible that slightly different curves iron distribution between 
co-existing pyroxenes may found different intrusions; furthermore, 
must noted how susceptible the tie-line orientations are even 
analytical errors Mg. 

will noted that crystallization proceeds the ratio 
pigeonite becomes progressively greater. Probably the main factor which 
influences the affinity augite iron the calcium content, decrease 
content the augite increasing the structural affinity that mineral 
iron. 

would like thank Dr. Mohr for stimulating discussion this 
subject and Dr. Chadwick for assistance with the mathematics. 
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APPENDIX 
Let represent the iron, calcium, and magnesium components the 


The Ca-poor pyroxene has constant calcium content, say hence 


The augite also represented straight line which can assume 
Now, let the respective iron fractions pigeonite and 
augite. Then these two forms are represented the triangular diagram 


the for the The equation representing this 
is: 
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Suppose now that all the tie-lines pass through fixed point say (X, 

Then, for all pairs values 

This equation represents the variation with that the variation 
iron content the augite with iron content the pigeonite. may 
written 


which represents, for different values family rectangular 
hyperbolas. 


When the tie-lines intersect the join and have: 
When 


This equation represents two perpendicular lines, 
h 
When the tie-lines are parallel the join) then 
The major axis symmetry the hyperbola when given by: 


This line passes through the point which the two per- 


pendicular lines interesect when 
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PALEOGEOLOGIC Maps. pp. 174 with 102 illustrations. 
Freeman and Co., San Francisco and London, 1961. Price 43s. 


Maps: ATLAS THE STATES AND SOUTHERN 


108, with 153 maps. John Wiley and Sons, New York and 
London, 1960. Price 44s. 

Here are two books concerned with maps used the interpretation 
conditions during some geological episode. 

PALEOGEOLOGIC are defined representations the geology 
area some past time. complete succession such maps would then 
sum very large part what geologists want achieve 
this requires the deployment full geological resources and experience and 
not just device from the drawing office. Thus while the book could 
slimmer still the object were show what such maps are and how they can 
made work, there limit the scope positive results are intended. 
the one hand the author defines and illustrates commonly used kinds 
maps, and the other chooses specific examples and becomes involved 
the discipline regional and historical geology. 

book this degree specialization and cost obviously not aimed 
the student and the explanations which kinds maps show 
what will primarily interest because the attempt define and 
systematize already familiar field. From this point view the attempt 


536 Reviews 


somewhat disappointing. Neither precept nor example does the author 
coherent scheme—however collects together number 
useful kinds map—more less paleogeologic. This merits some analysis. 

contrasts (p. paleogeologic maps with (a) paleogeographic maps, 
because the latter the interpretation the geography; 
attempts show the relation land sea the time group sediments 
was paleogeologic map record known geologic facts 
presented with minimum interpretation and (b) subcrop maps which 
are simply what found now beneath unconformity paleogeologic 
map would extrapolate these subcrops where eroded, not observed, into 
completed—even map). suggests that peel maps showing 
bedrock geology below thin cover later rocks, thrusts, water, called 
submask maps (Kupsch, 1956); there reference here the traditional 
terms solid and drift. this somewhat restricted sense paleogeologic maps 
would largely areas which had been eroded shown time (or succes- 
sive times), when each part was covered unconformably. They would thus 
not include areas contemporary deposition for The most useful interpreta- 
tions facies maps are possible when they are used conjunction with 
isopach and paleogeologic 

Since paleogeologic maps are restricted virtually subunconformity maps 
pity that while referring the excellent A.G.I. Glossary Geology for 
the specialized usages onlap, overlap, overstep, etc., the author chooses 
use the term overlapped strata throughout when overstepped would have been 
both correct and sometimes more explicit. the outset, side-stepping these 
specialized usages the author has ignored just those terms which could 
have been most useful making some the distinctions attempts, 
subcrop map simply the top surface overstepped strata and worms eye 
map the bottom surface overlapping strata. The first map the 
overstep and the second the overlap. Palinspastic maps may paleo- 
geologic maps any standard, but certainly involve more speculation than 
the average paleogeographic map and often are essentially lithofacies maps. 
The relevance the next maps) the list not obvious till 
later. They show contour lines the height above datum horizon 
which water would rise wells and appear hence paleo- 
hydrodynamic gradients may got untilting the unconformity and thus 
discovering how oil might have migrated and escaped. This touches the 
mainspring the book. Dr. Levorsen distinguished oil geologist who 
emphasizing familiar geological approach his industry. But 
attempts much more: following discussion number oil fields 
(illustrated maps paleostructures) the scale the examples increases 
successively from Regional through Continental Areas (with 
brief discussion and dismissal continental drift) The 
While the general ideas are familiar there considerable interest the 
author’s interpretation the structural history many parts the globe. 

His philosophy that unconformities give the key earth history goes 
back Hutton, but goes further asserting that the more uncon- 
formities that can mapped, the more continuity there the geological 
story (p. 113). very large number unconformities would needed 
any one area justify this paradox whereas usually maps one possibly 
two. Indeed unconformity represents gap the story (and diachronous 
one) which but not filled paleogeologic map. Overdependence 
such maps, especially when based second hand sources leads 
challenging, but often false generalizations. For instance the statement that 
pre-Carboniferous folding Spitsbergen approximately the same age 
that north-eastern Oklahoma and Kansas illustrates how isolated maps 
may mislead. The fold pattern shown the map Friesland 
essentially (but not obviously from the map illustrated) pre-Devonian and 
not contemporary with the later Devonian Svalbard Folding the same 
area. Thus two distinct unconformities have been lumped together one. 
Orogenic episodes are too often correlated this way. Incidentally 
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excellent series paleogeologic maps his Outline the Geology Spits- 
bergen. broad generalizations require much comprehensive 
knowledge that they are not likely pass unscathed and still worth 
attempting them. the reviewer these attempts provided the most 
interesting part the book. 

Maps atlas which the outgrowth some ten years 
work graduate students Northwestern University Each the 153 maps 
named author with date, and the project was directed the three named 
the cover who not only had the vision combine training and research 
this way but secured uniform conventions and method presentation. 

The maps are generally small scale—covering the relevant part the North 
American continent some convenient division it. Each refers 
stratigraphic unit time span for which isopachs are given and lithofacies 
according scheme using triangular classification based carbonate 
plus evaporites—sandstone—shale (exceptionally carbonate—evaporites— 
sandstone plus shale). Two ratios are used divide the triangle and the 
map: the clastic ratio and the sand shale ratio (exceptionally clastic ratio and 
evaporite ratio). The system ornamentation includes the use red 
pick out clastic (or evaporite} ratios more than The maps are arranged 
stratigraphical order and each supported the end table forma- 
tions listing those considered each area for each interval formation. 

Apart from its value illustrating the use lithofacies maps and showing 
how theoretical scheme works out practice the maps and tables give 
convenient stratigraphic summary from Cambrian times onwards much 
North America. would too much expect this compete detail 
and reliability with the series studies now being made the U.S.G.S. but 
compact, inexpensive and available generally. 

The two books reviewed here are both inspired methods oil geology 
but each turn contributes useful summaries the basic data paleogeology 
stratigraphy and indeed attractive glimpses earth history. 


SPONGE FAUNAS THE TEXAS REGION. THE SILICEOUS 
Mus. Nat. Hist, 120, Price $5.00. 


Finks combines general stratigraphical and biological observations 
large late Palaeozoic sponge fauna with systematic account its siliceous 
members. 

Upper Carboniferous and Permian sediments the area are well known 
show contrasting shelf, reef, and basin facies. Sponges from the shelf and 
reef sediments are mainly Calcarea but those from the basins are siliceous, 
and more than half are Hexactinellida, the rest being lithistid Demospongia. 
This result comparable with what known from studies Mesozoic 
sponges, though with the important difference that the Hexactinellida are all 
lyssacines, not mainly dictyonines. The fauna also shows zonal changes, 
which correlate broadly with those known from other types organisms. 

The systematic section gives descriptions thirty-six demosponges and 
sixteen hexactinellids, which twenty-one and eleven respectively are new 
species, and several are not identified specifically. The descriptions show good 
grasp modern methods and the natures the species described, and are 
generally well illustrated individual lithistid desmas are not often figured, 
but this result the state the material. Discussions families and 
higher taxa include some welcome revisions another recent text. 

Carboniferous stratigraphers will wish note this paper they have 
deal with sponges from our own Carboniferous Limestone. These have not 
been studied extensively, but least some genera are present which are 
common the Texas faunas (e.g. Haplistion Young and Young, Scheeia 
Tschernischew and Stepanov, Stioderma Finks, Stromatidium Girty), and 
future recognition others would not surprising. 
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STUDIES PALEOBOTANY. HENRY ANDREWS, Jr. John Wiley and Sons, 
1961. pp. 487, illustrated. Price 


This enterprising and valuable textbook written botanist, for 
both botanist and geologist there are only very minor geological lapses. 

Professor Andrews has managed condense but still present back- 
ground, all the older work which has been covered adequately several 
earlier and famous textbooks. has concentrated the achievements 
the last thirty years, example being his presentation recent American 
coal-ball studies which have greatly amplified the results from the classic 
European material. His coverage wide and the full lists references the 
ends the chapters provide excellent literature leads. stated the 
preface does not strive for completeness his treatment only incidental 
for such subjects fossil wood, cuticles, megaspores, and algae, but the fossil 
Bryophyta are fully discussed. His somewhat precipitate handling very new 
material will probably call for fairly frequent revision, but the whole work 
ambitious progress report palaeobotany, which will surely stimulate 
and encourage. 

The style throughout light and attractive the author’s earlier book 
Ancient and the illustrations are mostly good and effective. The 
order chapters refreshingly unorthodox and free from the bonds 
living-plant classification, but pity that palynology relegated 
compact but slightly less enterprising chapter (by Felix) near the end 
the book. chapter Arctic and Antarctic fossil plants, which was well 
worth attempting, leaves confused picture particularly past climate and 
polar wandering. chapter techniques covers petrifications fully but 
not clear about the nature of, treatment of, compressions. The author 
gives clear lead plant evolution general, but does discuss some 
length the Angara, Cathaysia and other remote floras keeping with the 
general theme the book, whole significant chapter devoted gymno- 
sperms quite uncertain affinities. 


PHOTOGRAMMETRY: PRINCIPLES AND GENERAL 
HALLERT. pp. 340, illustrated. McGraw-Hill Publishing Co., Ltd., 
London, 1960. Price 85s. 6d. 


After solid chapter principles the different procedures and equipment 
used terrestrial and aerial photogrammetry are considered the next two 
chapters, which are the core the treatise. Two somewhat trivial chapters 
the applications and history photogrammetry are followed turn 
meaty appendices projections and theory errors, with examples, biblio- 
graphy, and index. 

The field photogrammetric engineering has developed rapidly, and 
already vast, that only the specialist can operate it; for him this will 
provide invaluable review introduction. There is, however, large body 
geologists who use photographs and could employ them more effectively. 
This book gives specific instruction geological interpretation but 
contains the principles photogrammetry would find useful and some 
explanation the current elaborate equipment his colleagues will using. 
The book for reference rather than genera! reading. 
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